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TRANSACTIONS. 


Nore. is not responsible, as as a body, for the facts and opinions 


WITH DISCUSSION 


the summers of 1896-97, the fi field parties engaged in ‘the 
topographic m mapping of the 1 United § States “Geological Survey con- 
ducted careful spirit leveling on such an extended scale as to achieve 
3 results w which for cheapness of f cost and excellence of | quality render — E. 


them not notable. le. This i is especially so because the work was prosecuted 
; eS ina systematic: manner under all the various topographic conditions to 
ees: bef found in the United States. A An account has been kept of the cost, 


of : speed and accuracy of this work: with such detail as to render 


its publication valuable to o engineers and and surveyors rs everywhere. ‘With “te 


in vy, and a hope that the details of manipulation, w hereby the 


it 

res esults v were e obtained, may call for such discussion on the part of the ie 
< members of the Society as wil will be valuable, not only to” them, but to 
the future level work | of 1 the Gi Geological Survey, the author has 


attempted to assemble the v various facts in this 


its 
5 
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_ Government for the fiscal year 1896-97, included among the 
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_—_ of iecicesidiiiise for the work ot the United States Geological Survey 


the following new legislation: 


ies, r topographic surveys i various portions of the Unitea States 
ay ~ is. _ Provided, that hereafter i in such surveys west of the ninety- 
wt sev ae pain ok elevations above a base level located in each area 
¥ a under survey shall be determined and marked on the ground by iron’ wes 
or stone posts or permanent bench-marks, at least two such posts or 
bench-marks to be established in each township or equivalent area, 
“a _ except in the forest-clad and mountain areas, where a at least one shall 


be e established, ‘and these shall be placed, , whenever pr practicable, near 
-. _ township corners of the public land surveys; and in the areas east 
of the ninety-fifth meridian at least one such post or bench-mark shall 
be similarly established in each area, , equivalent to the area of a town- pits 


The United States Geological Survey hom severely criticised 


Tee fs mm in the | past for failing to leave marks on the ground in the form of Bs 
monuments of some sort, as permanent marks of the “measures ob- 


tained i in 1 the prosecution of their field surveys. The above was the 


= a first authority given by Congress for the leaving of such ae 


i ‘branch of the Geological been directed 
- _ entirely to the making of a topographic map, and no marks have been 


left to show the means whereby this map map has been connected, through a 

the surveys, with the topography of the land. Since the passage Sigs 

the above Act, permanent marks have been left with such frequency 


a in the extension o or correction of any of the topographic s surveys of the =o 


eorennnenl, or of a any kind of of surveying work which may may hereafter 


mark correctly | on 1 the : ‘monuments i height | above sea level, a ee 


would have immense 


under topographic ‘survey, and this 


|, 


— 

— 

— 

— 

8tration of the Geological Survey, as affording an opportunity to 
— 
— 
q 3 
q the survevs have heen hased hnt will thoranchlv connect the mans 

— 

4 of Work.—It was realized in the beginning by the framers 

— 
Rave necessitated the prior running Of thousands of miles Of 


ove 


surveys ys would have continued to be prosecuted without being accom- 
> 


by levels and the establishment of the bench-m marks re- 


entral datum 1 point for | that area, and the elevation of the initial nnn 
As ig mark established there was to be determined as nearly as practicable 


om existing elevations adjusted by r railwa ay or other levels brought 
from the sea. In consequence, though all the he elevations 


- with the same central datum point agree 0 one with the » other, yet } ey 


“cannot always be reduced to exact mean sea lev al because of the nal 


lo 
work in the until it rests on sea level, 
the determined can be ‘corrected to time in 


is worthy of note, however, , that nearly half of the work of the a 


twos seasons, div ersified though : it was, is based o1 on prior precise levels; 
. n New York on n those of the State Conale and the United States En- 


2 Missouri oud ‘Mississippi River Coiamission Surveys; on 


coasts, on tide gauges; and in much c of the South, o: ona line ¢ of = 


AB study of f the Act of Congress referred to chown ¢ that in the coun- 
we vest of the Mississippi Valley two wo permanent bench-marks are 


be left in every 36 36 Square miles, excepting in in heavy mountainous and 


wooded. country, and east of the » Mississippi where one is to be e left in i 
every 36 square miles. in the eastern States 
‘mar ks are to be Placed ; approximately 6 linear miles apart. pry z 


wes at wens ce decided that, i in addition determining 


horizontal measures the course ¢ of the topographic 
surveys, but with only. such accuracy as would pe permit of their being 
- Correctly plotted on the resulting maps. x It was also decided that ae 


~ location and elevation of these bench- nian should be published in 


al 


7 


4 
— 
— 
ay 
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& vo v ways: First, by an n appropriate symbol, the letters B. B. M. and the me. 
a elevation to the nearest foot printed on the published atlas | sheets; ae 
second, by lists of bench-marks with a full description of each and its 
nd exact elevation above mean sea level to a thousandth of a foot, a as ‘te- ee 
ferred to the 1 various central datum points; these to be published in = + 


of the Director of the United States Geological 


are to be corrected by time to time as connections 


3 made with mean s sea level. wigs 


—That these bench- marks should be of the m most 


selected. First, cizoulsr or tablets (Fig. 0, 3h ins. 


in diameter s and din. thick, appropriately lettered as shown. 
were to be used for the central datum points, and in such places as 


call for an attractive mark. They are cemented into the walls pub- 


lie buildings, bridge | abutments | and other substantial ma masonry y struct 
= ures, or into rock, by a ‘stem 3 ins. long let into a drill hole. 1 The ae 


figures ‘1810” and thee “Fonda,” on “shown in are at 

stamped on the tablet after it is placed i in 1 position al 3 


second form consists of copper bolts volts (Fig. 2), ins. and 
Lin. pie diameter, fastened into other masonry structures, or into sock, 
_ by driving them on a brass wedge placed in the bottom m of a ape te 


drill hole, so that the surface of the bolt. is horizontal and forms the ee <5 


— 
— — 

— 

— 

— 
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— 
— 
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ASS: 
by other government and city surveys, three standard types were 
— 
— 
— 

— 

— 

+ 
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-mark. The figures 6246," ” 
‘ae stamped with separate dies after the bolt has been placed i in oo 


‘The third form, to be employed where masonry or rock i is not accessible, 


 ceadiae: of hollow wrought-iron posts, 4 ft ft. 6 i ins. in length, 34 i ins. in ‘ 


outer diameter, > split the bottom and expanded to 12 ina.» sO as 


4 to prevent either the. easy y subsidence ¢ of the post or its being 1 aa 


ously p pulled out of the ground. Into th the top of th this post is riveted a 
brouse tablet similar ¢ to that described, and and the iron is heavily 
bE: ae - ecated with hot asphalt. . These p posts are are buried in the eart , with only 
1 ft. of t their ‘length projecting : above the surface, and wherever possible 
a fat stone is | placed i in the bottom of the hole a as a suitable foundation. iy” 


“The method of marking t these bench-marks was determined upon 


aly after” serious discussion of all the political, instromenta and 


“Uy 
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. ‘economical f features s bearing upon it. Th Thus, in order that they should _ 


be 80 marked as to fulfil the apparent intent of Congress and 


the popular demand by showi ing the : approximate « elevation above sea 


level, it was” decided that they should not be | } given ordinary serial 
pee numbers, but that t the approximate elevation al above mean sea level, 


ae foot, should be s stamped u upon » them, and that these figures 


changed ‘several times “season, or few sea 
3 and that this might change by several feet the relative elevations 7 
on two beneh- “marks adjacent | to one ‘Therefore, to 


hts and 


_ 
— 
— 
— 


the engineering demand for differences between ‘adjacent 
‘marks—the followi ing ng method has been a adopted: 
a The elevation above 1 mean sea level to the nearest foot, as determined Ea 


at at the time of running the levels, i is stamped upon the bench- 


with, in addition, an abbreviation of the name of the | central 


point. © Thus, for an elevation depending on North Creek, New York, ns ae 

the mark on the bolt, post or tablet would be, say, 1728 N. 


: this particular | datum, by connection with ‘precise levels, was found 


ie the next year to be in error by ans 5 ft. , future bench-marks i in that 
neighborhood would be stamped as s resting u upon a . different ‘datum, 
that of of Fonda, from which the check was obtained, and d the he next — * 


monk to that above cited might be stamped “1 18101 Fonda. An 
a gineer running between | these two and “finding | them to ‘disagree, ac- 


— cording to his levels, by 5 ft., would at once realize that the letters: a 


NLC.” or the name Fonda” some special meaning, 


woulk to the office of the Geological Survey to inquire 


t it a 
| Arrangement of Work. —After a a carefal study of instruments and i: 


it as geodesic In order to check and 


of levels run within an area under topographic survey should be so 
x 


arranged as to ¢ lose back on themselves in -cireui its or polygonal 


: figures, these lines to be run by a single levelman and rodman, when — 4 

the closures of various circuits would at once lead to the detection 


instead of ‘closing back on this datum point, the 
direct line line to the field of of topographic | survey ‘should be Tun by a 


-Ievelman and two rodmen in such manner as to to make it a 5 double 
turning points s 80 as to to produce a a duplicate line of levels on seperate ae e. 


turning points ts and bench: -marks. On reaching the under — 
graphic s survey, one rodman was to be dispensed with. 
order to > establish a grade of of accuracy for the week, nearly 


as practicable, the general instructions, | given in a the 


_ rodded line. ‘i Thus, each rodman is to hold on 1 separate back and fore is 


——— 
j 
— 
= 
— 
— 
— 
— 
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I the highest 
as decided that the work should be o 
methods, 1t Ww 
— 
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— 
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point sh t should not. exceed .05 V distance i in miles, and that when this 
error Was the lev el line must be re-run. It will be af 
that this limit of error, which is really the test of closure of a circuit “a 


oF of agreement between two lines « of a double rodded line, is a com- — 
paratively high one. i It is somewhat less severe than the limit set by 


a the United States Coast and Geodetic Survey and some 


— for their geodesic leveling, that limit approxim aie 

ft. distance in miles. 4 leas severe then the Jimit set. 
ly y the Missouri 


stance i in 1 miles. it ‘is nearly as severe as as the | set 


nited States ‘Engineer Corps ‘Survey of ‘the ‘Great Lake Region, 


04 ft. wv distance in miles; yet in all cases these organiza-— 
tions were doing precise or leveling, this work is but 


“good spirit leveling of a kind designated by the Geological Survey as 
primary leveling. Moreover, it is known that the work of these organi- 
zations has not always been within the limit of accuracy set; while, us 


will be shown ter, that of the was always kept. 


suitable for this work, it “decided that the 20-in. engineer’ -leve el 


“made by Messrs. Messrs. Gurley & & Company of Troy, Y., would fill the 


nts, and t that the N New rod made by and 

would be the most suitable ‘rod. is believed that 

obtained fully justify the v wisdom of the selection. The only change 


made in the rods from those regularly furnished was ven in making. the 
ie foot plate a truncated pyramid, the bottom of which was but 1 in. : 


in width, was in to keep more fee dist and to 


rod, for each setting. "The on only change made in the instrument fro from 


4 


the regular form was by i the sensitiveness of the level bubble 


ed using ‘bubbles graduated to ten seconds of arc. re. This requires Bay 


= 
— 
— 
= fae turning peg and with such care as would insure its being placed ex- Ss 


‘ 


ment and for the length of ‘sight adopted ene degree of 4 
within the limit of setting and reading a target to thousandths of 


Extent and Cost.—During the past two field seasons this y work wee 


by nearly ¢ one leveling — in sixty 


cs 


he = q ak 2 = 
Seis | 


10 | $4.80 | 100 | $2.85 
15 | 8.75 |New York........ 925} 105 | 3.66 
11/27 |North Carolina. | 108 
44] 2°80 780; 
Indian Territory...| 4174 700 '\Washington....... 186 
288 3.98 |West Virginia.....; 180) 35 , 
Maryland 20 | 2.80 
igsouri............| 816] 8.90 Totals and aver-- | © 
Montana .......... 200) 4,49 10968 | 1924 | $4.78 


__ * Of the 597 miles run in North Carolina, 457 miles were precise levels. which were — Na 
run ata cost of $5 per mile. The average cost shown in table is for the 


Be Quality and —In ev ery case only experienced levelmen 


wi were employed. “~ In the East these e were chiefly me men who had been 


employed « on State Canals. of New and in ‘the West sst chiefly 


old railroad civil engineers sand su: surveyors. 3s. They ° ey were under the = 


mediate direction — of the topogra hers: of the Geolo ical Surve 


os permanent employees who are imbued with a high appreciation of the eS 


care required, and ¥ whose familiarity with the method of conducting — be 


o field | parties relieved the levelmen of many of the petty annoyances oe 
connected - with | party management. Too much praise cannot be given aS 


these levelmen for the care and which they 


or th 
their work, as evidenced by results. 


— 

— | 

ae — }ble No. 1 shows in a general way the localities under survey in the bi 

ason of 1896, and gives other pertinent data connected therewith. 

— 

— 

— 

— 
4 

— 

— 

— 

— 
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on will be « observed fre from Table ‘No. 1, th there wi were run, during =e 


at such points as top of rail “stations, een 
of buildings, nails i in ‘roots of trees, etc. average 


cost t of work, ‘including the s salaries of the Tevenen and rodmen 


a list of of the circuit closures. 


Loc. ALITIES or Work, OF 


Adirondack 80 0.020 om Brown. 
A. F. Krause. 
A. B. Pomme. 
A. B. Pomme and E. L. McNair. 

u. MeNair. 
0. L. Pettibone. _ ; 
O. L. Pettibone and C. Goldsborough. 
C. Goldsborough. 
E. L. Faison. 
. 8. Mauldin, Jr. | 
C. Bebb. 


“West 
North Carolina. . 


=) 
= 


. M. Trippe 
. F. Montmorenc 


= 


Hot Springs. . 
Havana 


W. Glafeke. 
Ww. 


x 


4 


San Antonio.... 
Red Fish Lake. 
Mount Stuart .. 
Portiand 


Cali omnia 
120 | J. A. Vogelson. 


* The lines marked with an asterisk were double rodded, and the errors giv en oar 
sent divergence between the two 


= ast expense of time 
and money, as good results, 4 
=, 
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\s might necessarily ‘expected, there i wide divergence 


may be ascribed chiefly to the differences in in men mand the: he topography 
the country leveled, as the other elements were practically the 


_ same in ev every case. . The e effect of of different m: men on the work i is less 
a pronounced than the effect a the ‘topography. This } was shown by a 
fact that the poorest closure errors were inv variably « obtained in the 


= A _ roughest mountain country, and it may be added that ' the really bad | 


above table are e nearly : 


Mies 


= ‘a 

9 will -convin 

one. of the high 

quality of this work, 


In the majority 


cases it is as good as 
Thirteenth Lak the best precise 
oF geodesic leveling; g; in J 
not a few it 
this in quality. It is 


‘believed that a careful 


43 30 
INDIAN LAKE SHEET JHIRTEENTH LAKE SHEET 74°00" consideration of their 


lev na of precision, as ‘compared with spirit levels sof precision, as , as thi nde fie 
latter ar are hereafter described. Af further analysis 0 of the results con- i. es 


tained in the foregoing tables ‘shows that, in 1896, twenty-nine 


a, 


~ exclusive of those in the Indian un Territory, working in in as many widely bY 
_ separated portions of the United States, closed 111 1 polygonal roms 


= 


lz: 

— 

— 
— 
— 

— 
— 
— 
+ 
— 
4 
a 
as vO ve represenved Dy ig 
rere within the quantity 0 
— 


obtained by wi using the ‘coefficient 03. It is therefore s seen that 


of thi this wor work is as good as that obtained by the highest order of pre- | 
cise or - geodesic leveling, the mean was as good as that attempted by 


the United States Coast ‘and ey, and most 


in the field thirty-six p parties, of those in the 


that run in the season of 1896, above tabulated, whereas the 


closures were equally good, none exceeding the limit given in ‘the 


Method of of Observing. —A few of the x minor details of the eae a 
aie ed in performing the spirit level work of the Geological Survey y * ta 


an 


will now be described. The examples chosen have been selected as iy, 
m4 giving a fair average for cost and time eof 1 running in typical regions. 
es 4 The most difficult and expensive b bit of leveling ‘done i in the prose 


cation work i in the ‘States in 1896 ws was the upper 


as shown in the: sketch, Fi Fig. 3 The was y done 1 


45 
Messrs. Clark Brown and A. F. Krause, levelmen. The average cost 


of this work per mile run, for the season, including salaries and all ec 


other expenses, was $6. 67, and the quality i is indic ated by the closure i 
errors. corresponding: to miles of circuit shown in the diagrar am. 


Fig. 4is a diagram am sketch ofa ty pical | bit of flat- country lev eling 


near Rome, Ga., “by 0 one yey, v4 J. A. McDonough as levelman, or 


shows the: closure errors corresponding to » miles of circuit run, 
Int the prosecution of this work 210 } miles” of levels were run, 26 per- pe 2 - 


manent bench- marks and 9 246 temporary marks placed, and 


e rate of 
Das more careful of the results and cost of leveling in the 
above two localities. shows that in the Adirondacks, « on the basis. of 
ay one Jeveling party, there ® were in a all 188 working days during which 
265 linear miles of levels: were run, ata total cost of $1 767. % This c cost Ps 


divided nearly equally between salaries, $827, and living” 


tra veling ex] expenses, $940 this ‘cost, st, per average 


— 
ip 
| 
~ 
| 
4 


even 


a 


working one party: was 84, and the total $757, ot 
which $435 was for for salaries « and $822 for for living ond expenses, 
The Adirondack parties lived on the « country, that is, hotels and 
; _ farmhouses, and they y hired conveyances. . The Alabama pa party lived ? 

in camp; the equipment consisting of one large wagon with 

tents, and a coo . who drove the camp wagon, which was | moved about, ; 
every th third day. Th The average cost of ‘maintaining this this party was $9 e 
“= per working ¢ day, and this cost was was at the rate of $3.60 per mile run; ee. 
teil tails of the most ap- 


"proved methods — of 


« + BRONZE TABLET 
COPPER PLUG 


as practiced by the — 

successful 

the levelmen, may be 


sta , stated as follows 
The rodman, after 


“examining a and 
bottom 1 of the 
level ro rod, standing 


behind it, balances it 


Moshat Wharton | 
| 


 thati it is plumb in the Aion 1 of the of sight, end the latter 


to him, , not by signaling with the hand, but by y word o' of mouth, the exact ad 


ic figures which to set target. The rodman then takes down 
rod, sets the target, ‘clamps it and again holds: it ¢ on the turning point, 


_ when the levelmen | may Cs all to to him to raise or lower it one oF more yi 


thousandths. the target as directed he now levels | 


vertical cr cross- The levelman, having his instrument well 
e, » if he 


| 


working day, $9.40; also $6.67 fan, and their 
speed was at the rate of 1.4 miles per working day. 
— 
— 
A | 

— 
— 
— 
ake 
| 

mark or steel Turbing point firm] 
| 
— 
— 
— 
— 
— 


instrument, as. 
f =. by the bubble, is exactly level, ‘calls out ‘ plumb,” which ex- 


or some equivalent thereto, is s instantly repeated by the 
man if he finds his rod plumb, and if if the target is then perfectly set Be 
ier levelman gives the si signal “all right ” 5 if not, he calls again tothe 

—rodman the e amount by which the. target i is to be raised or lowered, and ee 

Z F “the s same operation is repeated | until the rod od is found to to be be precisely 


at the same instant that the instrument is level and the 


a The rodman reads the rod. and records his reading b before he re- a, 


moves: his  surning point, and then, extracting it, he shows the » rod to 


exe 


levelman as pass, s, the latter recording the e same. 


‘and if the differ, as stated in the instructions, they 
both re- read the rod, re-compute, and if if the ‘difference still 
exists, they must go back to the nearest bench- -mar and re-run an that — 


of the line. When a target setting falls. above the 6.5-ft. mark, 
at which point is the break i in the jointed rod , the closure of the rod 


a this point must be examined by both to © make sure that it is sper 


fect, otherwise the joint must be cleaned ora a correction made for the | 


failure of the rod to properly close. 


Double Target and Double Rodded Levels. It ‘oceasionally ‘becomes 


when, a provision against errors, the following a¢ addi- 


: 3 tional precaution i is taken. +s Instead of setting and reading the target 
age nee, ‘it is is set & and read twiee, by the the levelman first signaling the target 
z : “to a setting up or down, when ; it is clamped, ead an and recorded by the — 
rodman, w who then loosens ‘the target, continues tom move it in n the same 
- direction in 1 in which it was going for, say, a tenth of a » foot, when he i he is — 
signalled to a ‘setting in the opposite direction. ‘This gives a 


double le target reading on each turning | point, , and the method of mak- 
‘ing these tends to eliminate parallax in target clamping. If if the tw two- a 
Teadings differ by more two thousandths of a foot additional 


are made. the rodman and the levelman pass, the latter 


jhe target, whieh i is left at the last and the 
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¥ 
ay 
| 
~ 
pair adopted, while the levelman uses the last. The effect 4 


thousandths. 


Frequently, when in thee course of euch work t to run 


closure, 
rodaing them, that i is, s, by u ‘using two rodmen with one levelman, 


| such lines were run in the Indian Territory, also 
line in and the line from Stockton Merced, California, 
7 They are included in Table No. 1. The details of muni in this class a 
4 of wo: work are practically the same as those given for single rodded lines, 


w ith the exception t that some of the salient features introduced into 


pr precise leveling 1g hereafter described are ‘added in the practice « of 
this class of work. Experience w with such double rodded lines during ee 
the past t seasons indicates that, unless 1 ren precise methods, — 
288 cost by the 
method of single with two or more target ‘settings. 
- long direct lines have to be run over - comparatively level ‘country all 
=< < along railwa: ays, ‘it has been found to be qu quicker ‘and cheaper to pb 
two rodmen and an umbrella holder; rodmen not working as 
fora double rodded line, but alternating in such a manner that the lev 
rodman A A going stil pend the } levelman so so that latter back 
sights next time on B (Fig. 9). This method of rotation makes 


levels gon much 1 more while the use of the umbrella in warm 


Precise Leveling. —The State of 
5 with the railways” in that State, during the fall of 1896 to 


have a Tine of precise levels ‘ran from oe sea coast at Morehead tig 


Survey ind induced the North Carolina officials to salt that 


suggest the the methods: instruments to be employed in this wor 


ty devolve ed upon the 


— 


— B52 27) 
— 
— i Ul WOrB, ald these lines 
— 
— 
— 
— 
— 
— 
— =| 
4 3 
— a 
— 
4 
— Sly as to more than compensate for the a 
— 
— 
er as to cross every line of 
457 miles, in such a manner as t A study of the 
— d thus reduce its elevations to 
— 
lz 
06h 
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employed throughout the w world in levels: of an 
improved spirit-le -level was Selected, and spirit- -level methods jadopted 
7 in preference to geodesic methods, and it is believed that the results: 
given hereafter justify the of these methods. 
from geodesic ie methods for “such, work. should be stated. Primarily it 
was known that ‘Mr. C. H. Van | Orden, assistant of the United States 
Coast and ¢ Geodetic Survey, detailed as as precise le levelman to the Masso ; 


Topographic ran a careful double of precise 
= 


levels from mean sea at Boston to the old Coast Survey Gristmill ” 
bench-mark Greenbush, “near Albany, N. and that the 

between them pow as as is usual. in geodesic le 
old Coast, ‘Survey elevation | brought from New. York in in (1877 was 
14.780 ft. . above mean sea level, and t the 1e Massachusetts Topogra i 


Commission value brought from 1 Boston v was: 070 


geodesic levels in "1895 between Albany New York, paralleling 
: their first line, which gave a a value hay 13. 220 ft. for this beneh- -mark 


they have made public, do not show any ‘appreciable advantage + 


levels and with the Van Orden level, the results, so far 


ae in favor of the geodesic levels. As a further cc consequence of these 
ve experiments, , Professor Mendenhall had the Florida lines of geodesic» 

. levels f from St. Augustine to Cedar Keys re- ran back and forth with 


the Van Orden spirit level with | a result apparently in favo of 
instrument. _ Professor Mendenhall said in 1894, of Mr. Van Ord 


"precise spirit levels: 

2 aay * After examining with gre great interest the profile of the line of levels 
_ Tun between Boston and Albany, I find the agreement between the two 

- simultaneous lines to be remarkably close, giving evidence that the — 
whole is an piece of have the in- 


ey 4 
j 
|| bench-mark is nearly a mean of the two geodesic determinations. It = a ; 
Ne may be further stated that as a result of the above work Professor T.— - a 7 
©. Mendenhall, Superintendent of the Coast Survey at that time, had 
various of his best levelmen run test levels on permanent turning q 4 
a 
— 
to give me great confidence in this line. I do not 


so a line has ever been run combining 80 high 
degree: of accuracy with so small cost.” 

‘an Orden, himself an assistant in in the ¢ Coast Saree. and 


ae. tomed to geodesic leveling, wrote in 1893 of these precise spirit-levels: 2 
a The distinction between them and precise geodesic levels wwe 

‘more in the instrument and method than in results, for I am inclined — a vgs 
‘er 4 to think, all things considered, that the results I have attained are oe 


fully up to the best and levels, and a 


A careful the th of of geodesic as compared with 

spirit lev eling further ‘influenced the ‘author's 8 | preference for 


latter. 4 it seems that, providing the instrument ‘is as well ‘made and ae 


ane 
substantial, and the bubble sufficiently sensitive, precise spirit level! 


ing should be “more accurate than. geodesic leveling, because the 


agentes is ‘simpler and meee direct, ‘while its results are at once 
yident and ‘unencumbered by complicated ‘and bulky y computations, 


A rime re it I li h ae 
prim ime rec quisite in suel spirit le leveling ist! at the distance 


between the and the instrumentman should ‘not be greater 


than that indicated by the minimum reading o on the rod, ‘one- thousandth — 


of a foot, when a difference of the bubble ends is perceptible | to the ie 


‘This will be explained fully further on. the other 


hand, in geodesic leveling, there is added to the spirit- leveling feature 


the operation of reading small, vertical angles of a few seconds, and 
computing and reducing them to horizontals, for in geodesic 


Pp racticed by the United ‘States Coast ‘Geodetic Survey, after 


tting the instrument ‘practically level, it is assumed that it is im- 
possible to watch the level bubble and see that it is absolutely level at = 
the same instant t that bisection of the target i is obtained, and therefore Rise 


the observer, after leveling his ‘instrument approximately, pays no 


attention to the bubble w sighting. rodman is 


wholly to » heoping | the rod steady and ‘Wetching the vend 


with the oross- -hair by turning the micrometer again 
the of the latter, and the designating ag number on the rod. 


This then wih: the level and telescope reversed, 
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the won of the four readings taken and ma difference 


_ detween the telesco ope pointed at at the target end and | the: e instrument level, 7 


and reading obtained from at a i 
depending upon a ‘minute gradienter and distance of the rod 


the instrument. ument. 


“nomen the is made; also, that a quadruple is ‘had 


and first argument carries little weight where 

ae every precaution is taken to aonare that the bubble i is level before the Jae 


setting, g, and especially a again after the target is clamped. 
primary argument | leveling, as as with 


rs, that is, errors of instrument construction, need enter 


rod “equalized i 
every error in instrument construction affects. 


“work: through t the fact that it is used as an angle- 

"instrument as well asa spirit. -leveling instrument, and ‘corrections 

=a must be made for er errors s of ‘micrometer run, errors of collimation, 


‘F inally, the most potent factor, the distance between rod § and level, 


of no importance in spirit leveling, providing fore and ‘back 
approximately ¢ equal, differing from each other not more than 
a result easily “attainable; but in in geodesic leveling the 


in distance between the focal center of the on and 


(| 
— 
gs shown Dy the micrometer readings, 1s added to or subtracted from 
the rod reading. It must be noted, however, that an important factor 
; 
used im iavor or this Class of workistheelimi- ak 4 

weight, as in spirit leveling two or more settings may be made on each a 

— 

a 

— 
ge q 

= 
observing and recording rests on the shoulders of one individual, 
the levelman; whereas, in spirit leveling the burden ofthese operations 
_is distributed, resting not only on the levelman, but ontwoothers,the 

a a rho, if they are fairly high intelligent men, consti- a 
Te = _ rodmen, who, if they are fairly high-grade and intelligent men, consti- — 
tute a valuable check on this stage of the work Again no inctyn > 
ment, repeat 
— 

= 
q 


= 
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Precise Leveling —The recite leveling intron 
used i in the United States ‘or: the o 


‘Surveys. on heavy» wooden tripods, the of 
eure by wing nuts to the e tripod heads. 8. The Coast Survey tripod ae 
head is s of wood, and the: leveling screws are held down to this by: a metal Se 


"plate, ‘and by a heavy center nut under the tripod head. The Engi- 


Beers’ level rests by gravity, freely, in slots on the head, a8 | 


«Spirit levels, a is clamped to the head by a a heavy ce center- clampi 


screw. _ Both instruments are | leveled by three instead of four level 
ing screws. ‘The Coast Survey instruments have magnify’ ing powers 


‘of from 26 to 37, and the value of one division of the leveling E 
is 1.5 seconds of arc. The telescope, like that of ober 
precise ean moved in a vertical plane, so that the “final” 
_ leveling is’ done by ‘rotation about a horizontal | axis near the object 


glass, by 1 means micrometer screw, to permit of “multiplying the 


- yond th that of the striding le level. "hein inst 


— 
= 
— “heretofore done muc 
— 4 a “4 States Coast and Geodetic Survey; | used by the United sinbie 
— odetic Survey; and the Kern or Swiss leve es bia 
— Swiss level used 
— | 

— 
— gs 

— 
— 
VX 
— 

— — 
— 
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re mer 


striding level resting on collars over | Y’s which support the tele- 


‘The Engineers’ or Kern level has an aperture of ins, 16 


“focal length, , and m magni fying powers of 40 to times. 


may we rotated in vertical are about, a ‘horizontal axis, 


leveling by by either of these methods, constants are 
—acourtely determined for the values of a division of the bubble, al 
inequality of collars, for run of ‘micrometer and for the angular 


> . “values ¢ of the wire intervals, and "on constants are applied to the Fs 


readings as an adjustment in office. 
uff an 


The Geological Survey precise is made by B 


a Berger ¢ of Boston, and differs from the above i in essential details. 
views of th this instrument are shown in Fig. 5 The plan o of this 
= ment w was suggested to Messrs. Buff and Berger by: Mr. Van Orden for 


7/- on the “Massachusetts Topographic Survey, : and is, in general, a as 
.. follows: ~The tripod and head are similar to those of the instruments 


leveling screw: it is to the tripod head a stout center 
‘screw when not in use. The telescope has an an aperture o of 1} ins. 
— i a magnifying pow er of 40 diameters, and is inverting, as are the 


; others. It likewise rotates in vertical ; plane by means of a a milled 
head screw nearly under the | -eye- “piece; but this rotation is about 


ae horizontal axis, nob under the object glass, as in the ot! other instru-— 


: ments, but dealin opposite the center of the instrument by means 
of a cradle, the axes of which are within a fraction of an inch of dl 


ie: the line of collimation, thus sonuring in the telescope a motion in 
altitude: free from. any y change in the height . of the line of collima- 


ne ee tion, as must occur in in the other instruments - Iti is leveled by a long 


spirit bubble ‘hanging fr as in levels, 


in. in » 

is to 4 seconds of are The do not use 


the level, nor do they» mi r leveling 


the eyepiece, but, as used, the micrometer or gradienter screw is not 
used in making an angular measurement, but merely as a leveling > 
gerew, so that the angular element and the element of distance 
+ 
4 
a 
— 
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as such, but merely as a milled final 


leveling. In place of the chambered bubble, as 
by the makers, two bubbles of “diferent 
are carried in the the field, one, in which 


J 


ve a division is equivalent to 4 seconds of are, and the ue 

del other i in 1 which a a division i is : equivalent to 8 seconds of iy 


are, and both are carried in separate metal frames 80 


they ca can be changed without t much d delay. Some 
os improv ements are being attempted i in a ‘a level of a 
_ kind now under ¢ construction for President Mendenhall — 


of the Worcester Poly technic Institute; ¢ these 


of a steel center piv vot, steel 
bearings i in the Y's, ete. te, 


Precise Rods. _—The Cc Coast Sur rvey rod is of thoroughly 
 paraffined wood, and the bottom, which is hemispheri- 
cal, set ‘in saucer- shaped turning points, the curva 


ay efx Ww rhich is greater than that of the rod foot. 


This rod is s single and ‘non- -extensible, 1 12 ft. long, and 


- divided into fractions of a meter | by large, easily legi- 
Don markings. At short intervals on it its ‘one are in- 


| = serted in the pine wood metal plugs o1 on which | 


lines" are. re finer than divisions can possibly be 


upon wood. ‘The rod can be read directly to thou- 
_sandths of a meter and by estimation to one ten- 
_ thousandth ofa 1 meter, by m means of a target which e 
is moved up a and down by an endless chain passing over — 
pulleys at either end of the rod, while the target can 
“4 be e clamped by’ means of another chain which is con- 


pa venient to the hand of the rodman, 


The Eagineer Corps w uses a rod made ‘of one 


ft. in length. ‘Tt has a a T-shaped cross-section, 

-footplate a turning point similar to the 

~The rod is self- reading, that i is, without targets, yand 


} graduated to centimeters. Closer records ar are 


by estimation by the levelmen, since ‘there a1 are thant 


er? ch 
cross wires in the instrument, on each 


— 8 
4 
— 
— 
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The rods used by the Geological Survey ( (Fig. 6) ae about 10 ft. 


in  Tength, non- extensible, T-shaped in and ‘made of 
They were made fe 
ot well: [seasoned ‘paraffined pine, by “Messrs. &L. Gurley, 
Troy. “The bottoms are truncated pyramids of hardened steel, > 
a  $in in width at the smallest or lowest end, and these are placed — 
on top of the convex- -surfaced turning points. No aificalty 
experienced in “placing: the rod exact tly on the highest part of 
turning point int and there is: less Tiability, of error by possible 
earelessness in properly wiping both surfaces. rod is graduated 
much a as is a Ne’ New York rod, to feet and d hundredths, and is read by a 
target to ‘thousandth of a foot. The ) denign wes suggested to 
- Van Orden by Assistant Braid of the Coast and Geodetic Survey, and — 
satel was made from their plans, 1 which have been considerably modified — 
i the rods used | by the Geological § Surv jurvey. 
¥ These ro rods, as as made for the Geological Survey, are e not thoroughly 
‘paraffined, as | has been the practice in the Coast Survey, but are 
only to a moderate depth, about 3 in. it being found that 


pine e wood soaked i in boiling until it has penetrated 


pest 


rendering them especially capable of “resisting ‘moisture, 
changing» the texture of the wood as when thoroughly 
with parafiine, Ww. hich ch makes it soft and cheese-like and causes it to toeasily = 
“dent and bend. Ina thoroughly paraffined : rod, the boils out 
Ee of the rod in hot weather, making: it sticky, while the ro rod itself loses 
many of the valuable properties given by the wood. Shs Shallow paraffin- 


ng retains the desirable properties possessed by me wood a and affords: ite 


‘its rigidity and rendesing it lew easily affected by “changes of tem- 


‘The first two rods made by Messrs. _W. & L. E. Quiles were sent 
to the United States Coast and Geodetic Garvey for testing, and 
Table No. 3 shows the lengths of the ‘rods and B at a 


+ 
ae 
a 
4 

4 
4 

4 


Oto 2.010 ins. Oto 1ft, 12.023 ins, 


Oto 2 Oto 2 4017 « 
‘ 4 


60.021 


3 
Oto 4 48017 
Oto 5 60.016 
Oto 6 016 

7 
8 


Oto 


“408.023 


Oto 9 “ 108.015 
‘ 10 120.024 « 
Oto 10“ 190.088 


At the the end of the field field season these rods were returned to: the Coast A 


Garvey: office for a more exhaustive font, which h consisted of a determi- 


v nation of their lengths after being i ina a dry room for a a month, and of | a BS 
their Jengths a after exposed to a relative 92% 


The results, to 22.2° Cent., are as follows: 
First 1 to 10 ft., 108.011 to 10 ft., 108.008 
Second ..1 to 10 ft., 108. to 10 ft., 108.006 


4 “a B, but, as the lines are ‘not very finely marked, and as the dis- a 
Be 1 to 10 ft. i he result of | the summation of the spaces, eA. 


ut 4 to 7, and 7 to 10 ft., it is believed by the assistant in charge of the © ae. 


Coast Survey testing-room that li little OF no change took place. The 
a Superintendent of the Coast Survey stated i in his letter of transmittal — ei eric, 

that that weight i is lent to this ¢ cone lusion by the fact that rod A showed no € i 
change, 4 although both rods were re treated exactly alike. 


The targets ‘of the Geological Surve: ey rods” are 


high | by 53 ins. wide, with a slot in the center, in which the venir 
7 4 is placed : as in the New York rod. 4 One > peculiarity y of these targets is 


that instead of a a line on w rhich to center | the cross- hair, there is a 
4 white stripe, tapering so as” to be narrowest near the graduation and 


. = widest on the outside, being 0. 004 ftw wide near the ve vernier and 0. 020 


tt. wide at the outer edge (Fig. 6). This is more easily bit 


— 
— 
— 
— 
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— 
— 
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— 
: 

— 
— 
7 
ely superimposed and rendered invisible by the cross-hair, the 
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_ ch of the | parallax encountered in 1 reading the ordinary target on on 


ew York or similar rods. ‘The target is raised and lowered an 


given a slow motion by: an endless steel tape, similar toa measuring 2 = 


= which p passes over pulleys ate each h end of the rod, one of | which 


is adjustable 80 as to give the proper | amount of tension, and this tap tape 

eaagmel by the hand of the rodman from behind and with such fric- 
tion as as will permit | of giving the proper slow here’ is no 


means of clamping the target when the rod is in position, is 


clamped. Think is an advantage, because it insures: the target being 


Fig. 1 10: to 15 ins, in in length and in. in “They i 


machine- from 8-in. steel bars, the top is senlarged 
mushroom m shape 2} ins. in diam neter. The spike is 


"driven into the ground toa firm bearing. ‘This form of turning point 
has been found by the Geological Surv ey to be more » steady i in frozen 


- and soft ground, and and under ‘similar unfavorable conditions, than the 

+ lion plate of the Coast Survey or the turtle-back of the British 6: 

Survey. Ih the experiments t to neutralize ‘the e effect of of 


frozen ground ‘on tripod legs and turning points, , as hereafter | ex- 


- plained, cast- -iron turtle- back turning points 63 ins. in diameter, about 


ins. . thick, flat on the under side, and with three 1-in. 

to those of the Ordnance Survey, were employed for a short portion of © - 

the North line, between 205 and 210. 
Treats of Level Bubbles. —An analy sis sis of the instruments and ‘rods 


shows that t the Geological Survey ses strictly ‘Spirit- 
methods, the quality ‘of the resulting w wo ork differing from that obtained .- 


ordinary spirit leveling chiefly because of the quality of the instru- 


ents, rods and turning points, the skill of the levelman and rod- Pi 


— 
= horizontal cross-hair. The metal supporting the vernier of the target 2 4 
eee Be is cut back for 1} ins., and is channeled on the rear : side so as to make — a 
it spring. It can be pressed against the face of the rod so as to get 
= 
— 
Instead of saucer-shaped turning points in which grit is 
ae : pe upt to collect, even if every care is taken in wiping them, the — = if = 
— 
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, and the methods of manipulation. No ic an 


ce ~ 2 i ‘the target is set t by the rodman, the rod is read by t the level- 
man and the rodman, and no corrections are made for errors of inate i 


ment The objects sought ar are t to obtain the best instrument possible, 


a keep it in perfect adjustment, and od to use it that any errors ime it 
h 


erent in it shall be eliminated or balanced by y the method of r running. 


stinguished from th the Engineer Corps mé method of f leveling, th the rod 
s not self. reading, and while the Coast Survey - method employs a rod - “ee 


read by a target and vernier, yet the burden of the reading re rests on the 2 a 
lovelmen because of the oddition of thes micr pometeic measurement. In 


on one man, the but i is equally aivi dividea and i in such man 


> 


Pri Prior t to the ‘field the Gas Surv vey in 1896, Mr. 


‘on the curbstones in an portion. of 
city of Washington. ‘The total length of run was 3 600 ft., and thig 


{ distance was re- run aes number of times to ‘obtain checks on each turning a 
poi int and thus, get a an estimate of the quality ‘of the work. ‘Two 


men were employed as in ordinary ‘Precise | lev eling, end two bubbles 


deter of each bench-mark being six by each bubble. ‘The 


results chow | clearly that the work done with the 8- second bubble was: me 
‘more uniform than with the -second bubble. Each: starting from 


ont the initial point with errors of 0. 023 and a+ 0. 030 ft for rod rod 3 
and 0. 004 and + 0.024 ft. for rod B, and with varying divergences 
at intermediate turning points, the mean error of closure for all being f 

+ 0.023 ft. The run with the 8-second bubble closed on the initial 


point with « errors of — 007 ‘and + 0.008 ft. for A, 


distant vehicles, a light ai air, or oven 80 a change of temperature 


— 

« 

— 

— 

> 

| 
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& 

— 

am 

— 

— 

— 

the height of the initial turning point — 0.00975 ft. error, while | 
divergence of the two lines at the intermediate turning 
correspondingly small and uniform, — 
cause of this may be partial ned as fe 
— 


.- 9s the breath from the observer’s nostrils or the w armth of his hand 
_ the bubble to move, while the rest st of the instrument retained _ 
its or original position Bringing the bubble again to the center would 


<a 


in reality throw the whole instrument out of level. The sensitiv eness 


2 B of this bubble can | be better appreciated from the fact that a division _ 


of the ‘micrometer leveling serew is. equal to two divisions of the 


: = bubble tube; and, ase fourth of a a division i is easily « distinguishable a and 2 


ie amounts to 0.001 ft. on the rod ata distance of 400 ft., it was quite 


frequently necessary to turn the micrometer screw less than of 
is especially ult because of the 


 yeyolution, which in practice 

: With the 8- second bubble. ¥ Ww hich was less sensitive to j jarring, much — 


a less manipulation was required, the bubble and telescope oo 


wore uniformly one to the movement of the other. Hence, the result- ay 
ing readings more closely because the 


the less sensitive bubble gave the better ‘results. Moreover er, if 


aw be even partially true, it indicates that - geodesic leveling, yin 
which | the of the serew with a 


errors mov of the bubble not in accor with those 
a the instrument, and occurring between the time of sighting and lev el- 


‘ing. pes The 1e length ¢ of time ‘required in’ in leveling th the instrument" with the 


bubbie, wherever it is liable to the faintest 
is such that the levelman. not unlikely, become nervous 


irritated in in his s futile efforts to to level it, thus perhaps affect t the 
"quality of the work; the 8-second bubble, being more rapidly 


the indications of the above seem to the author to point out 


the more 1.5- -second ond bubbles, used by other 4 


precise levelmen, do no! not show | the real action of the it is 


only ‘possible t to use them while not ‘Sighting ‘through the telescope 


and while watching the and by moving it a 
small angular” distance, one which is as to be scarcely ‘per- 


> 


Be: ceptible ad the eye, but which must be read on a micrometer ces i 


_ The author is accordingly of the opinion that the results obtained by _ ee 
aS this method od with amore sensitive bubble are not likely to be a any better a 


— 
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that distance must be such | that the. of the 


whieh is perceptible to the eye eye shall correspond to the least division 
which is is ‘visible on ‘the: rod. fort the 4- second bubble with the : 


At gs 400 ft. from the instr rument, and with the 8-second bubble the rod as 


and with cond b 
should | not be placed more than 300 ft. from the instrument in order a 


the least pereeptilile e movement of the bubble shall 


both bubbles could t be ve manipulated with « certainty a speed, it 


would bea as safe to the ro 


dancing of the 


te phere, poe to > heat, is such, and the slopes of the country are such — 


that distances as great as 300 ft. can rarely be used in . precise leveling. e- ce 


In a practice, this i is the limit of distance for the precise leveling of the eat 


q Geological Survey, as for most other organizations, and this distance oe : , 
4 has frequently to be reduced to 150 ft. or less, in very hot weather, jie ise 
moderate winds and under ‘other unfavorable « circumstances. 


Alaa point a, and then backsights on rodman B at the ‘turning 
‘ point b,. ‘Both A and B then pass him, and he then foresights « on rod- 
man A at ‘turning point ay and on rodman B at by the rear turning ‘ 
points and b, being left. in in the ground until the turning 


and b,are set. 


‘The Engineer Corps’ method of sequence is is that already — 


— _ than, if as good lemore 
— quickly manipulated. 1ese deductions are dependent necessarily 
— = 
ln 
— 

— 

= 
— ibble. In spite of this difference of 
distance in favor of the 4-second bubble, it mus 
i a ve in most spirit leveling operations the boiling or : 
— 
q 
i 
— BK _ double rodding have been employed by various organizations. In the 
— 
— 
4 
— 
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by the A Fie. ard, ‘andthe former 


on Bat b, and foresights on A at ay . Thisi is a single line of levels, | 
the ‘duplicate their own work re- over the same 


The above and similar methods of progression were, investi- 

aie and ‘experiment, discarded by the Geological Survey because 
the result of most of them was to leave the instrument standing too 
between the time of observing back ona fore ‘sights, also because 

ey the time elapsing between the ‘observing of the two » lines was too — 


a notable peculiarity in all: precise lev veling is is that there is a con 
stant divergence b between the two lines, ond no 0 adequate cause | for it , 


“J 


seems to have been discovered. It w It was believed the author that this 


ps divergence Ww was, in part, at at least, due to settlement of the instrument > 


ae. between the time. of observing on bens two lines, as such settlement 


= would cause the line last sighted to ) constantly move away from the _ 
line first sighted. ‘It has generally | been in the past that no 
such took but the instrument can rarely, if ever, rise, 


though it is liable to settle « way time. In order to eliminate such 


men ment, “ it existed, the he following method of observing was was adopted by the 


rumen 


and sec lines, this being an exaggeration of the actual 
which may take place in the instrument by 


debween such times, andas ihe instrument was re-lev at obser- 


rbance 


instrument toe cause the lines as. as absolutely i 


me 


possible, barring only the personality of the levelman and the 


This | method of procedure was to backsight o on rodman A 

| Gig 10), immediately r reversing the instrument foresight o on rodman Bo a 

: at a,, then foresight on rodman B at b, and backsight on rodman A at 
Cae is, by In tte method it will be observed that the level notes are are compli- 


on on both rear potate, the other ‘rodman as fore- 


| 
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sight on both fore tu ming points. The lovelman, however, keepsa cle 


“set of notes of both 1 rod readings, and the rodmen exchange fore and 


‘bench. marks. advantage of of this method is is in n the qui ‘quick observing 


between fore and backsights on each line, practically no time 


between the making of these sights other than that hat required i in revers-_ 

ing the instrument and watching the bubble. was believed ‘that 

i this method ‘practically no subside ence occurred between these sights, ei 

a belief borne out by the fact ‘that the grester length of time elapsing — Ss 


ar the s wtb of the two lines resulted i in a greater divergence 


han migh y ve been anticipated. “sf ‘The order of sequence in 


sighting w was such as to practically : run one ne in a lirect and the | 
other i in the reverse or opposite direction. : 


sa The method of exchanging notes required each man to ‘practically a 
fe _ walk the distance ovelen twice, for after rod «, is sighted, then the ¥ 


rodman moves toward ‘the levelman for his inspection; meantime 


the latter sights rod rod then toward A 


re. 


meet him, and they notes, A 


to point | by and the 


point set vin sights been 1 made, the notes 
exchanged as the > men each the rear r rodman and Jevelman 


Geological ‘Survey Precise Line. ne.—The party organization for 
precise leveling on the line run byt the Geological Survey from Moree 
head City via Asheville, NG, , through Knoxville, Tenn. , to Atlanta, 


: Ga., consisted of the levi elman, two rodmen, one laborer who acted as 


‘umbrellaman, and one laborer who set the turning points: and acted 
as tapeman. ‘The chief of the | party, Mr. W. Carvel Hall, , was level- 
/ throughout the the "progress 0 of this work, and to him credit i is due 
a numerous suggestions as to shapes of turning points, changesmade 


in the rods, and in the method < of observing. Be The ‘method | of progres- 
_ sion on on this work was as follows: ‘The measuring t tape was of No. 10 gal- a 
4 vanized iron wire, a little: smaller than tel telageeph wire, 600 ft. in length, 


vd 10-ft. brass markers. brazed on it for 200 ft. from either end 


LA 
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nd the sights are the passes 
to his fore turning points, the leve the target on on the first a 
apt. i backsight, by motions at at first « and finally by word of mouth, so tl that the ie 
<7 5 rodman can devote his ex entire attention to plumbing the | rod. | By the 


7" oy time this setting is finished, the fore rodman has reached his turning — 
and the levelman sets his first target. The lovelman and rod- 


7 ae men then exchange readings ‘of ‘rods, , and the targets are set on the | 
points on on the other line, while the e tapeman returns to the rear iio = 


points and removes them af after the fore rodman has set ot his targets on — 7 ~~ 


a ad has thus determined the elevations of the fore turning points. Re 


‘The tapeman then passes ahead, | drawing measuring wire after 7 
to set the next poles of fore tu turning g points as before. 
‘The discrepancies between ‘the | two lines on the various turnin 


- points in the first 250 miles of the line of precise levels run through ; 
es North Carolina, Tennessee and Georgia are shown i in Table: No. 41 from 


bat 
a which it will be observed that during the first 100 ‘miles the line was 


it excellent condition, the divergence ‘being well within the limits — 
which might be thereafter this 
Efforts + were » made t to fix the cause of divergence. 
ak: 
lieved from careful examination of the instrument, turning points, 
¥ 
ete, i in the course of the running, tha that the divergence was largely in- — 
creased by alternate freezing thawing of ground. 
ie miles \ were run prior to J anuary Ist, and there had been scarcely 


any frost. Between J anuary Ist and | February | 18th, when the next 5150 


les were run, the divergence was marked. During this time the 


part ground was frequently frozen in the mornings, and as the day | ade 


vanced it it thawed. There were ere numerous stretches of sandy 1 fills, 
posed to the bright sunlight, where the divergence | appeared | to be 

much less than in ‘other places where the line passed through cuts, 
and the t pod legs v were driven into clayey ground where the shade of 

4 


— 
4 large brass marker at the center. The tapeman takes this and drags 
. = it out its full length, and as the rear end reaches the fore rodman who ay iia 
just recorded his rod settings, the latter holds it to his points = ca 
3 while the tapeman sets the fore turning points. The leveler reads and 
records the fore rods as he passes, while the umbrellaman continueson 
| 
 g 
q a i 
— 
<3 
— 
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@ 


Partial. | Total. Partial. | Total. | 
Feet. Feet. | Feet. Miles. | Feet You. | 
177768. +.082 | 0/216 | 
—.004 | 0.001 | 19.856 | +.000 | 0.97% | 98977 
+.024 | 0,025 29.043 —.01 | 0.275 | 9658 
0.025 | 27.882 | 155.90......) +.056 | 0.881 | 821.271 : 
+.041 | 0.066 | 25.801 | 162.10. {034 | 0:365 | 
| 0.051 | 7.888 | | | 
+.014 0.065 | 15.678 ||177.72...... 000 | 0.850 | 471.4000 
—.039 | 0.026 | 27.884 | 182,62). 083 | 0.983 | 543.884 
+.020 0.046 | 50.674 |/187.08...... 021 0.404 | 668.068 
089 | 0.085 | 47.621 0.455 
—.015 | 0,070 63.653 | —.006 | 0.449 
| 0.079 48.179 | 4.121 | 0.570 | 720.85 
+1087 | 0.116 | 55.281 | 4014 | | 
—.025 | 0.091 109,207 | 224.20... +.02% | 0.610 | 80.45 
+-004 | 0,091 110.991 | 234.87...... 0.652 | 

+-008 | 0,004 135.859 |/239.30...... —+.010 | 0.662 
+.061 0.145 151.959 | 246.26......| +.042 | 0.704 | 851.752 
+2075 220 | 178.131 | — 008 | 0.701 | 665.175 
+.007 0.227 229,216 | 0,715 | 810.461 


‘the banks p prev vented rapid thawing of the soil. ? It was observed that 


— bubble was constantly ‘moving, | however well the instrument on 


planted, and it was reasoned | that the ‘metal Points | which tipped 


the tripod legs, « on being firmly planted i in frozen 1 ground thawed this, - 

and t the water which melted from the frost lubricated the bottoms ee 2 

the tripod legs and thus permitted them to — more freely intothe fF 

‘softening s soil. Further experiments | indicated that when the ins stru- 

ment was firmly pressed into the ground and ¢ allowed to stand for about 
cot three minutes it could then 1 be « easily "pressed to some greater depth, ab S 
and, thereafter, during the freezing weather, which did not last long lf 
te - in the mild climate of North Carolina, the © instrument was invariabl fs 

> pressed into » the ground two or three times before the readings « on the A re a 
first line w were t taken, and once again b before observi ing on the second 


Tine, The subsidence between the fore nd beck sights was noticed 
to be materially lessened, as _ the , divergence between the lines, a 


lines from Febrnary 18th to March 6th. Experiments were 


“made a at the same time with the British Ordnance turning points al 

_ ready described, but the use of these was soon abandoned. The weak- at 

in the li between miles 200 and 210, was at ; the point 


— 

— 
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ON SPIRIT LEVELING. 
TABLE No. 5. 


Mean 

elevation. 


Partial. | Total. 
(Sem 


| ly 


Partial. Total. 


Feet. Feet. 
= 008 | 0,781 

01 | 


— 


A cause of increase in the the two 
Val 


_ overlooked, namely, that, approximately bet ween mile 100 and mile 
the relations between the rodmen the were not 


and it is believed that the possible irritation of both the level- 
man and rodmen due to friction meng their ability ' to perform | their aa 


rodmen w as at that point, and to the end of the leveling 


oc for the winter of 1896-97 7 across the Swannanoa Pass approaching Ashe- 
a 2 3 ville, N.C., the greatest elevation inn which was 2 530. 4 ft., to mile 457 
Ae Paint Rock, N. C., the divergence between the two lines increased ys 
} = very little. - This uniformity in divergence may have been due i a part 
to the moderate weather and the fact Shes there was accordingly no , ra 
frost in the ground, and 


ing between the lev 


elevation. 


Partial. » | 


hey 


& 


ines was a fact which was considered of too | great importance to be a 
woe 


duties i in the most satisfactory F or this reason a change in 


Tm 
— — 
he ‘i 
-4 
Ac 
a — 
“ 
‘| Feet. | Miles. | 0.875 1 829.269 
| Feet. | Feet. "776.092 383.88...... 0. 2 152.671 
806.04....... a® 69596 $01.99...... —'044 0.825 2 221.500 
1 198678 —.004 | 0.820, 1668 > 
+ 001 681 oo2 | 0.814 326.185 
— 


continuin the a tl ] 

_ suggestion Mr. Hall, a new form of rod, which be called 


great a between ‘observing on two lines, 
ex 


time of “observing had been reduced greatly. It was also | 
th that if the walking t backws ard and forw the rodmen ‘and 
levelman to exc change notes, , after the : sighting of the first line, could 
dis dispensed with, » that the rate of of progress would: be. increased, the 
relative cont diminished, and the accuracy the diminution 


in the lapse of time between observin; ring both lines. | This is largely ac- 


complished by the use of f the double reading rods. rods. 


ie rod i is 10 ft. long, with ®  wastengpeinn cross-section 4 ins. by ra 
Iti is of pine, immersed in paraftine, and is made in all respeste 


similarly to those already described, excepting that each of the the aan ; 


“4 faces of the rod i is graduated from rev erse e ends, each end being ™ 


“Fie 
‘vided | with a peculiarly steel foot On each 
runs a sa target, the two ‘tongets being differently colored and shaped, 


one black with a white s stripe, the other red, with a white stripe, one 
“oval and the other r rectangular, and these were operated by wwe endless o 


tapes running over pulleys at the ends of the rod. The difference in 
the color and shape of the targets was was to ‘prevent possibility of of dey 
in exposing the wrong side of the rod first. — These rods wom re not 


ee wae as had been m hoped, because of errors in | their construc- 


ad 


ee rectangular failed to give the d desired rigidity, and the 
“bent or ag warped slightly before the close of field work; ‘moreover, 2 
were thoroughly filled with paraffine instead of having been but 
. _ slightly impregnated w with it, and the result was . that the rods became — 


sticky i in warm making the 80 soft as to increase 


“quality. Pe A farther consequence w was s the necessi 


— — 
— 

= 

— 
q 
a 
a 
a 

— 
— ty of making larger 
a 


The method running with this double rod was as Back- 
sight on sodman J A (Fig. 11) t o turning point red rectangular target, 


immediately foresight to rodman B at turning point dg, red enol 


target; then without any lapse of time for exchange of notes, the two ts 
A 


te 
move to the adjacent turning points, and the levelman ‘fore- 


sights 0 on Aa at bis black t. The ro rodmen clamp 


_ ange after each : setting, and the rear rodman and the levelman move 


to to read read and re record the ¢ targets, and the whole i is 


‘with such a considerable reduction of elapsed time between the two 
- lines, since the targets have 1 not to be read until all the observing is — 


completed, as to materially i increase se the speed, reduce the cost and 


e's reduce the div ergence, as shown in 1 the followi ing table of div ergences Pe - 


between miles 457, at Paint Rock, N. me Ga. 
— = 


Mean 
‘elevation. 


Feet. 
1 184,157 

140.896 

094.511 


Tennessee River.- —As will de observed, there: 


— 
— 
— 
— 
— 
7 fel val Miles. | Feet. ~ Tee, ‘ 
| Feet. | Feet. 625.24......| +.088 | 0.044 = 
—.010 0.814 1680.55......| +.018 | 0.957 | 895. 
522.98....... +: 23 0.981 he 864.977 699.20...... 054 1045 798.723 
0.899 867 1.011 
596.48.......| —.082 “990 933.299 1714.62,.....| —.084 0°987 1 087.787 i ' 
— 


‘such character that its piers = could no nad be ‘used 8 as s tripod and rod sup- 


‘ ports, and a single sight, , nearly 1 800 ft. in length, had to be taken = ; Py 


make the crossing. a Every precaution was taken to eliminate errors 
ot observation, both running down the banks and crossing 
on m the 1 rip- rap at the foot of the bridge piers by short sights, also 
by a seri series of long reciprocal sights read from either bank to referenes 


mat ks, | on various days and at various times of ‘the « day) «coos 


a. lal The method of observi ing ng pursued | on the first day i isa type ofthe — 


- = made at this crossing on | other days. In this work the 


4-second bubble was used and the 40- diameter magnifying power. 
- Lozenge-shaped } pieces of paper, 0.07 ft. in width, were » placed o1 on the 


targets as markers. T The sights were 85 ft. clear above the r river cur F 


ge 


Two reference points ie. A and were on 


these terminal points in the regular 


a ata distance of 48 bey" 


distance apart one one from the ‘ot! er, and these rear 


nuation of the regular line. “ The foresights taken i 
me from m the near ’ bank on the two lines, after backsighting on the refer- 


spectiv ely 1785 and 1 790 ft. in length, , and the 


‘honon taken from the far bank to the rods on the near 
which were re placed on the reference marks as turning points, were re # 


spectively 1{ 1 805 and and 1 810 ft., or sufficiently close to the length of f the ; 

foresights to to practically eliminate errors due to curv ature, The ¢ errors 

due to refrac tion were eliminated as r as possible. by ‘observing. gat 


such times in: . the day as ref i was least, namely, late in a the 


morning, a and when the day w was 


points i in the conti 


me 
— le 
— 
the instenment but at some litle 
— 
tm 
— = 
ere was DO perceptible boiling” of the air; also by observing 


| 
10% 


From the | instrument position. 7" on hee near bank, a reading was 


fist made on rear reference point: 4, and then ten readings were made 


a on fore r reference point B « Bon the other side of the river; then a a read- | 7 


ing was made on reference point D on the second line, a ond ten read- pre 

oe ings were made on the distant point C across the river . Likewise, We 

from instrument position 2 2 on the far bank, one reading was made on 


2S reference point B and ten on the distant back turning point A on the : 


rear bank; ‘also one on the ne near reference point | C, and ten on the e dis. —. 
reference point . D rear . The following are the res results 


ABLE No.8 


6.000 219 4,298 

6109 422 4.304 an 

6.091 


6.098 


5.319 

5.3 
5 


s: 5.318 09 


ations of the two turning points on the far 

Turning point 571 8675, from east bank, 807. 211; from west 

“f a bank, 807.203; mean, 807.207; extreme ‘difference. of elev: ation, 0.008. i 

Turning point 571 + 3670, from east bank, 805.528; from v west 
bank, 805. 514; mean, 805. 518; extreme difference of elevation, 0.009. i 
‘The ‘he diverge nce of the lines for this day’s work was at the ‘eas 
bank, 0.911 11 ft.; at the west bank, 0.927 ft. 


- Great as as was the care taken in n this work, the divergence was in 


creased d at this point by an unsatisfactory amount, and it is in- 


tention at some time in the near future to point for 
and also to return te 


a 
> 
— 
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N SPIRIT LEVELING. 
100. and 250, with t the checking these weakest in 


divergence already ly given n (Tables Nos. 6 and 1), i in n which 
ween the actual divergence between ‘the two 


lines and the a amount of divergence allowable under the limiting — 


formals. ft. distance in miles, i is given, in ‘Table No. 9, ‘for every 


DIVERGENCE ALLOWABLE 
ForRMULA. 


al 


a 


R= 
ae 


- In this table the distance accepted is double the actual direct dis- 
tance run a by h of the two for the ‘used 


oft that permissible from on until between 350 and 400 400 mil 
came back after the latter ‘point and remained within the limits 


ee by the formula until the terminus of the tine @ at . Atlanta was 
af 


a “the formula betw een 200 and 250 miles, and that it remained i ‘in excess — 


reached. Dividing the line, however, into sections, the sooamelted 
divergence between the beginning and mile | 200 was 0.449, or ‘within — 


limit: 600. at the ‘worst jection, betwe ween miles 200 ana 350, i it 


within the Limit 0. 848. 


— 
— 
Distan 
Total. || Partial. | Tota sid 
Bigs 
oh 
= 
of 400 miles, was 0.163, or far 
— 
= 


WILSON ON SPIRIT LEVELING. 


th fact still remains that the real test of the quality of the wo work | ) * 
' oe will only come when the line is closed back on mean sea level, for the - 


sesulte above obtained do not take into account systematic or. constant 


s errors to which the observations are liable, a and this class of errors can 
only be checked by the closing © of circuits of lines either on others of = “ee Se 
similar ‘quality or upon mean sea level. The uniform accumulation of fe. 
nN errors, 80 prominent between miles 200 and 400, is not at all unusual, — hi. 
peond been experienced on nearly all lines | 8 of precise levels aoe 


- tofore run, in some portions of their lengths, and as stated by Chief ay 


ee - Computer Schott of the | Coast Survey in n discus ussing x the precise levels eds 
‘ ae of that organization in the report for 1892: ‘‘ The serious part « of this * 


& 
behavior i is the fact that we have no assurance that the1 mean result of 


the two measures converges to or ¢ diverges from the _ true val value of oo. 
partial comparison of the quality of the work of the United States 
AN: Geological Sur urvey is is obtained | by taking at at random the results of Coast _ af oa 4 
Survey geodesic levels between Okalona, Miss., an and Odin, on the 
lines from Biloxi and Odin to Louis. Table No. 10 giv es the 


~ 


072 | 6.891 || 


254 | 0.645 || 3000 


a further indication of value of “such comparisons the 


by levels run 


veils 


= 
at 
4 
: 
— 
— 
4 
e heighta of St 


on SPIRIT LEVEL 


aie to New Orleans (Coast Survey), and | by Mississippi Ph 
Rive er, V icksburg and Memphis (Engineer | Corps)... 
Meridional route, Biloxi, Mobile, | Cor orinth, (Const 


By 39th. ‘Parallel, Sandy Hook, Cincinnati, 


trix (mean values of above 


betw een the various results is 5.679 ft., eee that the greatest diff difference : 


Speed.- —Table No. 11 various items of cost, and 
speed precise lev els, by the three wating 


4 available after “diligent searc had through m numerous re- 

ports. Those: for the Engineer Corps rather ‘clearly stated 
= reports of assistants in in charge of of the work. ‘The item ¢ of cos cost for a 
the Coast Surv ey work was obtained by examination of ‘the printed re- a 

ff ports s of the. disbursing officer, ‘and the best effort was ‘made in both of 

- the above cases to state the facts as nearly as they could be derived = 

from the published reports. « column of actual days o of field work 
‘ a is based on the assumption that there 1 were twenty days available fo for aa 

= 4 field work in each month, as this has been the average in the Geolog- 


= The great reduction in cost per mile and increase in speed d of the = 
precise leveling of the Geological Survey for the last year are to be 
almost wholly accredited to the use of the double- faced rods. As oF 
transportation was furnished the Geological Survey parties by th the 
a railw ay company ov er whose lines lev ols were run, it is believed that : 


_ this item would have added perhaps $1 per mile to the expense, od 


rated in column to the last may, therefore, 


— 
a “Sandy Hook, Albany (Coast Survey), Oswego, and partial re 
Sandy Hook to Albany (Coast Survey), and Oswego and 
St. Louis | Direc 413.413 
tm 
1 
‘ 
™= 


Cour ND OF > GOVERN NT PRECISE 


at 


s of actual 

eld work. 
pli- 

cate line. 


Total cost. — 


Miles of du 


Cost per mile. 


Speed. Miles 


Da 
per day. 


1882 
1893 
Const | 189% |Richmond, Va., to 
1895 |Lamar, to 
Chester, 
.| 1896 |Morehead City, 


APPENDIX. 


x oe? Primary lev el lines should be run with one or two rodmen and © 
e I essary a bubble-tender. Where such 
lines are run in circuits which will check back upon themselves or _ 
a other lines, one rodman will suffice. Where long, unchecked lines are > <1 4 
Single-Rodded Lines. —Levelman and rodman must keep separate 
“notes and compute differences of elevation imu nmediately. . As levelma Be 
3 sa and rodman pass, the former must read the rod himself, record and 
compare readings, then compute the H. and, after com yutations — 
I I 
made, compare results with the No compari isons should 
be made until the record is compl 
must read the rod before compar ing any but results. 
Capt 3. Work on primary lines ahould not be carried on during “a 
winds or when the air is “ ‘boiling ’ badly. During very hot weather _ 
an effort should be made to get to work early and remain ¢ out lak late Ace 
Tather than to work during midday. ay 
Fore and back sights should be of and no 
over 300 ft. should be taken excepting under unavoidable circum- ey 
ete stances, as in crossing rivers at fords or ferries or in crossing ravines. _ 
In such cases extraordinary autions must | be taken, as 
Eat, readings at changed positions of rod and level, ete. 
Rae: oan, | If it is impracticable to take equal fore and back sights, as soon oh 


‘ — 


— — 
= 

| 

a 


“ll 6. Distances along a railroad can be obtained by counting rails; at tS 
other: times stadia or pacing may be used, according to the quality "eG 
S ‘the v work. ‘The distances in feet of both the fore and back sights 
must be in both note-books in the proper columns. 
Always level the instrument exactly before setting the target. 
After setting it and before giving the signal “all right” examine the level 
bubble. found t to be away from center, correct, it and reset target. 
8. The level must be adjusted daily o or oftener, if necessary. ‘The 
* adjustment of the line of collimation and of the level tube is cepecilly ay 


od 9. Provide rodmen with conical steel pegs, 6 to 12 ins. long, with — 
round heads, to be used as turning- -points. Never take turning- Bray 


points ou rails, ties, or between them. Always pegs 
10. When the is lengthened beyond 6.5 the rodman 

and the levelman must examine the setting of the target a as well as Oe z 

the reading of the rod vernier. WwW hen the rod is closed, see that the = 

_ ‘rod vernier indicates 6.5 ft., not depending upon the abutting end ao 

bring it back to place. Keep the lower end of the rod and the top of — 

the turning point free from mud and dirt. 

= _ Plumbing- Jevels : must alway ays be used and kept in sajustment, ay 

‘a and long extensions of the rod avoided. 


12. Leave temporary bench- marks at frequent i intervals waa 
= that can be easily identified. These pe: on a solid rock 


bench- ‘should be left for every mile run, in "order to give 
-__- sufficient points to which to tie future levels. Mark in large figures 
“a is ina conspicuous place when possible the elevation to the nearest foot. ‘- 
‘Make notes: opposite all elevations at crossings of roads, railroads, 
streams, bridges, and in front of railws ay | stations and public build~ 
j* ings, and of such other facts as may aid the topographer in his work. ee a 
a 13. All permanent bench-marks must be on copper bolts or bronze ne < 
_ tablets let in drill holes in masonry structures or in solid rock, or be 
on the iron posts adopted by this Survey. The e figures of elevation — 4 
i% must be stamped well into the metal, to the nearest foot only; also 
‘name or initial letter of the central datum point. 
14. A complete description, accompanied by a sketch, 
aa must be made of e each bench- -mark, , giving i its exact elevation as com- a a 
puted from the mean of the two sets of notes. After bench- -marks are 
——, both levelman and rodman must examine them, and record — Bt 


in note-books the figures stamped thereon. 


«15. ‘The limit of error in feet should not exceed .05 1.05 distance i in miles. e 
(i 16. Use the regular Survey level-books; keep full descriptive notes — 


on title-page of book, giving 


t 


4 


| 


— 
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ILSON ON SPIRIT LEVELIN 
be responsible for his own note- -book and — 4 
stances should erasures be made, a lin drawn 


through erroneous records. 
17. When errors are discovered as work 


i es 18. Keep each set of notes es separately an and independently as taken, 
a Bee paying no attention whatever to other 1 notes except to compare 
pesults. If on comparison errors are discovered, correct them only 
new ations or computations. All notes must be recorded 
directly i in npte-b -book. Separate pieces of paper: for figuring or em- 
‘porary records must not, ‘under any circumstances, be used. 
19. In long, single-rodded lines make two target settings on each a 
turming- -point, by first signaling ‘down’ "to a setting, 
which is recorded by the rodman, then unclamping and signaling in " 
the opposite direction to a setting. If the two differ more than .002 = at; 
of a foot, additional readings must be made. The rodman should 
record all readings, using in his computations only the first of the 
20. Double- Rodded Lines. —In running unchecked or single 
Ee - lines with two rodmen, they should set on turning points 10 to 20 ft. 
apart, but each at equal distances for fore and back sights; other- 
—- : wise the above instructions are to be followed with the — 
21. ‘The tripod clamping screws should | be loosened _when the in- 
a 1 strument i is set, and tightened only after the legs are firmly planted, 
x). and the instrument must be shaded at all times by the bubble-tender. 
iL 22. The laborer should place the steel turning points for foresights, — 
< as and then return and not remove the backsight points untilthelevelman = 
i. a. has set targets on the new fore sight, so that there shall be in the ground uae 
pe at all times two turning points, the elevations of which are known. — > 
eee 23. Bench-marks left at termination of work at night, or for rain fa ala — 
a i or other cause, should be practically turning points in a continuous Nee 
line. They should consist of large wooden pegs driven below the ‘Ee 
ae surface of the ground, with : a copper nail firmly embedded in the top. 
ati One of ne pegs is to be used as the final turning point for each 
_ They are to be covered with dirt or otherwise hidden, their 
location ing marked by sketches in note- relation to 
a3 An index book or list of bench-marks must be kept posted in ys 
the ven in ink, for all classes of leveling done. In these, location © is 


should in every case with “distance, to some village, 


corner, or other of loc al ‘importanee. circuit closure errors 
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JOHN Warr, M. Am. Soe. C. E.—The 
Coast Survey, the Mississippi River Commission and the Geological _ 
Za has been given, and it would be interesting to know what it 
has cost the State Engineer of New York to take > levels. ‘The speaker 

Was at one time engaged on the surveys for the | canals” of New York 
State, but he cannot give any y data as to cost of work. However, he : 
_ would like to say a word as to the methods employ ed. It was required 


that the error in feet should be not greater than. 02 Y distance in miles. 
The party of which the speaker had charge was arbitrarily directed . 

os start the levels at Syracuse and run to Pheenix, and in one direction 
only, that is, to runa line one day and then the next day run over the * 

‘same ground, , and see 1 that the difference in the elevations - of f the two 


points checked within .02 ft. distance in miles. In this discussion, 
= especially by Professor Johnson and two or three others, the sub- 
ject” of close cuits has been briefly mentioned. The author ; 
does not state whether closed circuits were run or not. The die 
cussion by members of the Geological Survey shows that a mistake — a 
a foot might be made without being discovered. This could 


happen if the circuit was closed and if the leveling was done carefully. a 


ALD 


The leveling on the canal referred to by the .e speaker 1 was run in the - 
em directions, and the benches were compared, not by elevation, but a 
of level. If the elev ations had been kept until the 


t. ‘The levels were run in Manch and April when ther ere was slush 
and water, and freezing and thawing, and it wus discovered when the 
- of a 17-mile section was reached that they were out about 0.2 ft. aN 

when compared with the original lev els. The levels were run very 
carefully by competent men, but in the same direction. The old 
work done on the canals was with a great deal of respect, 
and the results were not therefore satisfactory 
; a explanation of the error was found in the condition of ‘the 
and of the ‘The 1 level. when set up on thewing 


were too and the bac were 


were cumulative, so that at the end of a day’s leveling, the elevation 0 


additive errors would still howe made the elevation too 
= aifanenes of those elevations might have been within the limit 


2 ft. distance in miles, ‘ena ‘still there ‘might have been a 


— 
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DISCUSSION» SPIRIT LEVELING 
due to the.c cumulative influence of the back ai and sights Mr. Wait. 
a) ‘in along line. This was no doubt the cause of the errors in the canal ay ‘ 
levels i in the sections of which the speaker had charge, and was 
ue "reason ti they did not agree with the old lev els. In leveling a closed 
; circuit—by which is meant not simply a leveling down and a leveling — 
a a the only way to » check the levels and to know that they are’ 52° 
is ‘to return to the starting point and to keep continuous 
Yet, in all this discussion, that has been 


no doubt, that there should be a closed cir cuit, “but he does not bring 

When the levelers on this canal work w ere told to run the levels 
‘always in the same direction, they protested. The first assistant en- 
i = said that the reason for doing so was that he wanted to apply 
the method of least squares to the correction of the errors. — ‘This | 
was not done. The speaker would emphasize the fact that ide < 
must be run in circuit. paper the author 
has not stated whether the levels so run not. 


in many of the country, there is a probability of 
plate being without a chance of discovering the 
thief and collecting the fine. W hat guarantee is there that these 
_ points will not be more probably disturbed by using bronze than il 
- using a less valuable metal ? On the continent of Europe, where A 
- Iveling i is done as well as anywh here, and records are carefully pre- 
man served, they do not use such expensive bench- -marks, but, so far as the 
oe speaker knows, they are plain wrought-iron rods prepared so that 7 
an they are not subject to very much corrosion. Wrought iron corrodes — &, 
ig only when there is a chemical action, usually caused by the presence — ‘a 
of uncombined carbon, ‘moisture and carbonic acid. ‘If the wrought 
iron is al pure as it can be made in there is little 


a Water of San Francisco of carefully prepared 


oe, wrought i iron only, and it | is said to be the most durable iron pipe i in 


_ Generally, such valuable bench- marks are buried and located by 
well-defined reference points, thus doing away with meddling by un- = 
authorized ieee, » and preserving them for the benefit of those whose 


aa 
3 | 
4 — 
marks, the paper states that bronze plates are adopted for permanent 4 
records. The speaker would like to ask why it was thought necessary — 
7 to use such an expensive bench-mark ? From the illustration (Fig. 1) _ 
q 
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CORRESPONDENCE ON “SPIRIT LEVELING. 


has been runt running line of spirit levels in the South during the 
past two seasons, and as he has done all the work himself he has ia Ss : 
” = to ascertain the practical workings of the methods used. Rete 

= OA rod with a a flat foot resting on a » conical ‘surface seeras 


because the radius of the cup- point must be larger 
a s that of the rod shoe, and it is possible that there may b be a change ae 
height, with the apparently in the same position. The 
adopted proved very satisfactory, as the wedge-shaped stripes on ; 
their faces gave a much better mark for setting than either a plain 
stripe or the line of division between two colors. The form of the 
obviated ai any parallax i in the rod readings, the effect of which 
es had been very large for the first 30 miles of the work, on some days 
“Se. _ the leveler and rodman differmg twenty times in their reading of the a 
ce same rod, though the personal oquiies was slight, as sometimes one g 


-was too high and sometimes the other, 

cross- “section. of the latest rods is cruciform, which will 

. +. much superior to the rectangular shape adopted for the second set of | ‘ 
rods, as these warped badly, and when the rod-levels showed them ot 


a “a to be plumb, other parts of the rods were inclined, making it difficult — E 
to bisect the target. double targeted rods save & great deal 

of time when it is required either to run in the reverse from the n nor- os 

ra Jie mal direction, or to have the leveler check the rod reading before 
a: 5 duplicating the lines in the same direction. Asthe author hasshown, — 

askin of paraffined wood is sufficient to prevent the rod from swelling — bs 

on account of dampness, and is much better than thorough puny! 

tion, because then the screws will not hold, and the rod being 8 80 
a heavy, it is difficult to keep it from being badly scarred and splint-— 


The level used was very rigid, kept its adjustments 
remarkably steady in windy weather, work having to be stopped on 
account of the rods before the instrument was much affected. — The 
wind did not cause the level to vibrate, but made the buble travel. “s 
_ away from the wind, and that only in very bad gusts. — os 
_ an Geodesic leveling, being that in which a gradienter ¢ angle i is read, - 5 


is open to a serious objection in addition to those mentioned by the — Bra | 
author. The leveling instrument when in use in the field is oe 
T here are very few cases where can be used as 


a 
be 
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4 

4 

d 

4 
a 

3 


ON SPIRIT LEVELING. 


by the tripod lege, lets the instrument down quicker Mr. 
usual, and it is almost im impossible to keep the bubble centered. ed. In 
a lev eling, after recording the reading « of the micrometer = 
at each station, which indicates the point at which the bubble is 

Jevel, it is assumed that the remains constant during the 

time of observing at that station. . The writer does not think such 
ean be the case, | but that the instrument settles, a and the -vertical- 
angle computations, instead of being based on a level line, as as- 

sumed, are really based on lines more or less inclined; which, if true, 
introduces a serious source oferror. As to the possibility of keeping © 
the bubble centered, the writer has taken at random from his notes" 
the results of one day’s work, , which show the relative differences in 
aL _ heights of adjacent turning points. The sights were all between 295 _ 
and 305 ft. long, and the total ul divergence between the two lines for vi 
hat day was only 0.004 
Six times no difference was 


Allo of this | difference cannot be be » charged t to the incorrect centering — = 

of the bubble. Part goes to the settlement of turning points and in- a 

2 strument, part to ‘‘split thousandths,” and part to the inaccurate 
_ bisection of the targets. _ Though the bubble may not be truly cen- i! 


tered invariably, still the error, by careful manipulation, would cn Ae 


balancing one, and of slight effect on the work. The teibuiend Ww 
8 8 
ps always set. up between the rails and ties of the railroad track, while | 


the observer stood on the ties. A recorder and bubble tender were _ 
found worse than useless, for the bubble and instrument do not move ,. 
be together. This’ seems to show that with the 8- second bubble good 
ae work can be done, and better, the writer believes, than with the very ei a 
delicate bubbles generally used in precise leveling, for they are 
a affected by outside influences, and are not so integral a part of the 


at instrument; consequently, centering th the bubble will frequently throw | 
ate "3 ‘the instrument out of level. This was found to be the case in some . 


‘experimental work in Washington, and though shorter sights must be — 
; taken with the coarser bubble, more work can be done with it in 


“4 because of its easier manipulation, 


The speed attained in the work of the ‘Geological Survey during 
v3 “the: past season has not been so greatly in excess of that attained in 7 
4 Geodesic leveling as the daily average would show. The regular rate, — 
when working under the best conditions, was a mile in an hour and aes 
minutes, rate for geodesic leveling has been stated at 
_ Kilometer o or 0.62 2 mile a an hour, which, if kept up for nine hours a day eae 
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Mr. Hell. as vate work of the survey was, would have —_ a rate of 5. 6 miles : 
ar per day for the former, as against 7.5 miles for the latter—not such a a ee 


Pik ok _ As the back and fore sights could be kept of the same length, in- the. 
“ie equality of collars or inaccurate adjustment could not affect the rae 
the work, and this source of error was avoided. 


S The crossing of the Tennessee River at Loudon, Tenn., wan 
"some peculiar facts, and the results: are ‘not yet “satinfactory. The 
ia was done with the greatest care, nothing being allowed to vitiate — oe 
it, and yet the results of three different days running were widely at 
variance with each other, though any one “ 8 work was not t bed. 


From East From West From East | From West 


907.211 807.207 | 807.908 805.583 | 805.518 “905.514 


Crossing of November 13th, 1897. 
Crossing of November 19th, 1897. 
807.377 | 807.381 805.867 | 
807.392 | 807.411 805.880 | 805.877 


5 


807.319 


sg by 1 800-ft. sights, first day..... 


800-ft. 
1 800-ft. 
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Same by 1 800-ft. sights, first OTM 


The seeing was poor, looking west for the last two the third mr. Hal, 
Pe ay s work, and for the last set looking east the same day, and Gouge ‘ai 


the work occupied all of a clear day, there was no ‘“‘boiling.” = 
The | line of November 18th was run down 85 ft. to the river and 


H. Van Orpen, Esq.—In discussing this 


_ he will not fall into the common error of thinking that to condemn i is 
to criticise. Very far from. condemning, he cordially endorses the — a 
‘caaineste high praise of the wye or engineer’s precise level. While 
> results given are inconclusive, they go far to show the high class 
of work which may be accomplished by the wye level and simple _ 
i methods. Not only has the writer's own experience e shown him | the 
high character 0 of such work, but such men as Professor Boersch and _ a: « 
Dr. Jordan of the Prussian Survey contend for the same. The former 
(In Zeitschrift fir Vermessungswesen) after a discussion of the ae: ta 


“From all ot the aforesaid it appears that with the 
ya: great care, labor and cost, no better results, but only the appearance 


simpler the method of observation, and the fewer the figures required 
; without decreasing the accuracy, the better results one will obtain, _ 
the less one will be exposed to observation and computation iz 
aes: error. It remains, therefore, always preferable in field observation, a 
- where the tripod is used, to o employ bubbles which come to rest.” rh. 


3 Pe of a so-called scientific treatment of the subject can be shown. © ae 


The writer agree with the author as ot the non- importance 


ha have a man i a the bubble i in the ‘middle of the tube at all time 
80 important in fact, that it isto him nearly the - 
good and ordinary work. Professor Boersch, above quoted, also urges 


writer also considers the double ‘simultaneous 


ES to both lines, one is enabled to HPeries up small errors, such as 
one rod not on mm highest point of bench, mud on bottom. ae rod, iste 


atk In the paper, stress has been laid on the adie of short sights and 
ats of sights of the same length at all times, but results do not verify -~ 
—¢laim. | In the writer’s double line between Boston and Albany (re- 
ferred to to by the author), the lines diverged at only c one place 
Esa ‘2 mm., , and closed at Albany by a 3-mm. separation, after having 2 f 
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Mr. . Van Orden. lengths of sights were constantly ¢ hanging from 208 200 to 600 ft. ; 
The writer differs from the author in reference to setting thet tage 
- dene. _ He believes it is much better to set it nearly right, and 
- then ee the number of thousandths the target is plus or minus, “a 
at once correct the reading, but keep on the margin or place 
ruled in the note book for it the amount of such correction. By so 
a = doing much time is saved, and much nervousness to both observer — 
and rodman, and consequent inaccuracies, are avoided. With a square 
a Pos black target having at zero a horizontal white > stripe with a known 
aan width of, say 0. 009 ft, this estimation is easy. Tt is fair to assume oy 


a 


3 day. The writer concedes that is a small in lines run 
both ways, yet he cannot see why it should beso. When an instru- "7 - 
_ ment is set up and the back and fore sights have been read, that oper- ore 
at ation is completed, and as each set-up must involve a complete 


= operation: within itself, the writer cannot see what difference it makes « 


whether the instrument has been picked up and carried from the east == 


eis also stated that the slowly swaying or waving rod, when ee 


the highest apparent reading, will be perpendicular. This is disputed 
Bs by a well-known engineer, and, though the writer does not question 
his sincerity, he feels sure that there was at the time some abnormal 
refraction. Possibly what follows: on refraction may solve the 

While r running the Boston- ~Albeny and Albany-Dobbs Ferry lines a 


‘structing these refraction curves w as used: The level was protected 
swith» a large | carriage umbrella, as it w vas in the regular ¥ work, and a 
_ bubble-tender was used. Generally two rods were used at differer 
inte from the level, either in opposite directions or the same. 
> hen two were used, the observations were made first on one and then ae 


ping 


= on the other, as rapidly as possible, consistent with good work. Now a e 


N 4 and then a a little time was given en to see if the re refracti ion were changing i 
ta much. ‘The time of each pointing (setting of the target) was recorded fi 
 —the keeping the record of heights. In making the curves 
__2-mm. cross-section paper was used, and the first pointing in each set 
oe 7 (all pointings on the same rod from the same set- up) was taken as zero, 
and the differen neces” between that and each following were used in 
ere plotting—for instance the first reading was, say, 4.346 ft. and the 
3 second 4.350 ft., a difference of .004 ft., which equals 1.2-+ mm. This 
ee was increased eight times, and the result, 9.6 mm., was plotted on — 


_ the sheet above the first and under its proper time dist distance from the 
4 first. The next ‘poling would be treated in _ manner, giving ite nal 
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"CORRESPONDENCE SPIRIT LEVELING. 


BE 


was 
through | the plotted points, a waving retraction, 


‘eg aan. The curves show a periodicity that was unexpected. — «If this “ 


a ing” exists at nearly all times, and with such a periodicity as the 
m curves show, may not this account for some of the inexplicable sep- 


arations i in lines? ? For instance, when short sights are used and 


the bottom of the curve, , and ths foresights at the sy and this ‘con. 
tinue for several set-ups? These experiments were made in working — 
hours and in the line of senile. _ The method was to set up and send ¢ 
rod forward and and the target as the 
“the addition that the time of each target setting was recorded, and 
i long sights were usually taken. The results were not plotted will . 
a's after the season’s work 1 was done, and then these regular ct curves were 
developed. 
After the line Boston- Albany © was completed, me 
ordered the writer to Washington with two of the party and the in- 
strument and rods, to try the method around the Capitol, over the 
test- benches, a distance of 14 miles. The permanent benches were so 
> close to each other that the eremng eng was about 158 ft., and st ae 


unfavorable weather—winter, ¢ old snowy and blowing hard 
great deal | of the e time. This: line had been run in 


- run, and were compared with the same panier of the best of the pre- ca 
cise lines. The » eight lines (12 miles) carried out as one line resulted — 
in a minus error of 0.9 mm. . The inexplicable | ‘part is that the mean 
. error of all the west lines (beginning on the south side and going by ‘ 
_ way of the west) was slightly plus but nearly zero, and the mean 
te of all the east lines slightly minus and nearly zero. The west lines — ‘. 


were Slightly | higher all the way around than the east lines. This was e A 


not a an accident, for all the east lines were re low and a all the west 


es high. They were run alternately with the same rods and rodmen and 


_ the same care. About half way around they were at their greatest — 

difference (not far from 1 mm.), while t the differences were very small — 

(the mean of the east and of the west lines: being but 0.06 mm. from 

gero—an amount too small to consider), they were definite, and why 
__ they were always one way is left for others todecide. That this pecu-— 


liarity does exist and is not accidental, is beyond doubt. Tt isalso 


quite certain that all closed” circuits have a tendency to come back 


zero. the levels for the Hoosac ‘Tunnel (over the mountain), 
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this was very marked, the lines diverging on the summits and in the Mr. Van Orden. <— 
cia valleys in opposite directions. This was ascribed mainly to differences 7 . hn 


xe a As to the relative merits of the two systems the following i isquoted 
Sok from the report of the Geodetic Conference in session at the time and = 
ipee, immediately after the Washington levels were run . While the writer 
thinks that the chairman and a majority of the committee on hyp- 
sometry « concluded that the wye level over the test circuit in Wash- 
‘ ington, gave better results than the. precise level, they felt that too 2. 
ef few high-class lines had been run with the wye level to speak more — a 
oe definitely, but said that while the experiments were “inconclusive, 
al all point to a high degree of precision with the wye level * * * a 
ua and if upon investigation it shall appear that less elaborate methods. or 
ee instruments than those employ. ed on the s survey will, by the use al 
circuits, e results with an increase of ecomomy, 


As fox turning he found 
5 spike to be the best tamnperany one he tried. - Owing to their shape 
and size, they were very firm. They were always left in the ground, 
_ thus enabling him to pick up a mistake in reading in a short time, 
instead of going back to a permanent bencl 1— possibly a day’ 8 wor rk 
behind. Three miles of such lev els i is a good day’s work. 


the instrument protected foonh sun ona. wind; the instrument always 
to be set aap in a the middle of the sights, and when the 


on ad not exactly; levels on rods at right angles to each other and © 
pS at an angle of 45° to the line of levels; a flat shoe on the rod under the 7 ar 
ee graduation; and rods of white pine, , with . T-shaped cross- s-section, pre- 
pared in n paint, paraffine or shellac. _ A maple rod should never be used ~> ; 
_ in fine work, because of its great change i in length under different con- a: 
‘The writer believes the most complete te method to to be by y double lines lines a 
Tun both ways. Had Dr. Mendenhall remained in the serv ice, it 7 was _ 
Ai his intention to have a double line run from Dobbs Ferry back to _— Oey. 
% ton via the Shore Line by the same observer, method and instrument. — 
_ The instrument used in the foregoing work was the same as that ae 
EM Dovaras, Esq. —On page 340 author states that pre- Mr. — 
vious work of the Geological Survey no marks have been left on the = 
ground which would serve as connecting points between the maps and — ae 
om the area surveyed. |. He. He evidently refers to vertical control points, oe. 
itis well known by ony one , connected with the Survey that it has a 
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Mr. Douglas. always been the rule to mark carefully all main horizontal control 

i? points, such as triangulation stations. The marks are usually large - 

lettered stones act in ‘the ground, or marks © cut on on solid id rock, and are 


newly adopted marks. Besides it been the rile in 


ry recent surveys to locate all detached houses, and also section cor- a8 
4 ners when they could be easily found. . These, as well a as the bench- = 4 


raphy. “There i is no o doubt, however, that vertical parts. are 

ery desirable and add greatly to the value of the mere 
‘The errors in closure of circuits, such as those given in Table No. et 

~ 2, are distributed over the line in proportion to its length. Wake. ‘ 


circuits ov erlap, like those in Fig. 3, ‘somewhat arbitrary adjustments 


are made, the errors being too small to justify the use of the method — 

_ of adjustment by least squares, For example: The 69-mile circuit 
i a (Fig. 3) being only 0.016 ft. in error, the correction per mile would be 
; less than 0. .001 ft. These adjustments are made before the results ar ar 
"published. Considering the low cost of the: work, the writer believes 
oe the results, of which Table No. 2 exhibits but a small part, to be re 4 
ee has been insinuated by several persons that the results were __ 
a controlled,” ” or were not as stated. It has been the 1 rule in that part 
of the work under the w riter’ 8 charge to have a permanent s survey em- 


 “fudging ” of the results when a level party was about to ‘close ats ! 
"important. circuit. It is evident that until the last rod reading is 
made, neither the lev velman nor rodman can know what the error w will 
be, and hence, neither can intentionally falsify results with the ex- — é 
—_ pectation of improving them. The writer himself has been on handa ~ 
_ number of times when long circuits were closed, and is sure the level- i. ; 
haa man could not have changed there readings without being detected. ae 
Ds < a. The most common errors, or rather, blunders, are those of aneven 
eae . x foot. The writer has known of four or five such mistakes. These are 
-~ apt to occur where New York leveling rods are used, and are ? 
_ probably due ti to mistakes mi made by both levelman and rodman in read- 
ing the foot-marks on the rods | when set for readings greater than 6. Zz os ; 
‘ft., the natural tendency being to read the lower foot-mark on the side 
a large closure errors are discovered, itis the custom to run 


lines, breaking u up the circuit into smaller ones, and when the 
eee error has thus been traced to a small circuit, to re-run the old line. by 


a =. _ ‘The errors are usually found to be blunders. In only a fewcases have — 
been found to be due to careless or dishonest work. 
= all important lines it has been the writer’s plan to providea 
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80 watch the of any changé in it exact level r. Douglas. 
“given the levelman and corrected by a minute movement 
one leveling screw. The ‘signal, right,” was not given n to the 


roman until the bubble- tender first said “all right” the level 


the apparent adv vantage of an 8-second bubble over one of 3 or 4 seconds 
; “pes is correct. The ex planation he gives is, a as he himself says, not satis- 

* factory. The only advantage, if there be any, in the 8-second bubble 

he over a more sensitive one, is that the levelman is less worried by ~<a 
a attempt to — the bubble i in the center of the tube, and that the 


* 


writer's experience, as from in shop practice 
r with similar levels, tallies very closely with the — obtained by — 
the United States Geological Survey i in the field. 
So long as a leveling instrument is mounted on a and that 
not of the heaviest and most stable a 
by the same displacement of bubble. closer an instru- 
ae ment with a level of the latter degree of sensitiveness, should there- _ 
_ fore be mounted on a large tripod, so as to correspond with the fine- pikes 
ness of of level and nd power of telescope to secure commensurate stability. 
Changes i in the p position of the bubble will then be less frequent oa 
7 a less marked. The fact that a more sensitive spirit level indicates the ‘ 

changes taking place in the instrument and tripod speaks in its 
a favor; but unless it be accompanied with 1 increased ¢ stability of all we ; 
parts of the instrument and tripod, it will be more e likely to be a source ap 
of trouble than a gain, as it will create nervousness on the part of the 
OF = - observer, owing to the changing position of the bubble, and the — 


q 

Thus, in order to arrive at closer results with a 4-second spirit 
level, the style of instrument and the methods would have to be 


changed to conform i in character to those customary wi ith astronomers; 
Hee) ail The author has certainly shown that a good observer, using prop- _ 
erly applied methods, and with | instruments and ‘Spparatus of the 
types illustrated in this paper can obtain v very "gratifying results. 
- Plate xIV ‘represents the new geodesic precise level made for Presi- 
dent Mendenhall, of the Worcester Polytechnic Institute. ; 
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Sherman, W. SxHerman, Jun. Soc. C. E 


= iy _ emphasize more strongly than has been done in | ‘this paper the ge hf 
sity for testing the leveling rod before a accepting it as accurate, other- 
cumulative errors of considerable may be introduced, 


for wr fine work these ar are frequently ‘untested. 
_ The following example shows the possible effect of the cumulstive. 


errors of the rods. . The difference i in elevation between two a es 


= with two rods. 
Berger wye level, furnished "with sensitive ‘bubble. 
_ Boston rods were used, both of which had been tested by comparison 2 


the return with the “same e rod, showed to 
be 659 ft., error closure ane ft., or about .01 


“And the reverse line with rod ‘gave b—a= = 141. 626 | 


about .003 V distance ix in miles. 
Using rc rod ‘ “A,” mean difference of elevation..... = 141.666 ft. 
Using rod “ B,” mean of elevation..... = 141. 


pay If errors of such comparative magnitude appear when the eat: 
“s have been carefully tented and correction applied, it is readily seen ; 
that very appreciable | errors may occur when using untested rods, ae 
a = and when it is stated that the maximum error in the graduation of rod 
ls _ “A” was over 0.005 ft., the importance of this testing becomes still aa 
Mr. Steckel. . RB. Srecxen, Esq.- —Unless there exists positive that the 
level of tide water at Boston, during al ong period of years, is identical 
with the corresponding mean sea level at New York, and that the pe! 
coast at these two places remains continually at the same elevation, a 
x: ow hich is doubtful, the author’s statement of the results attained Wo 
_ Mr. Van Orden does not appear to the writer to be a sound or con- re: 
elusive argument in favor of the adoption “plain spirit-l level 
methods ” in preference to geodesic methods for precise leveling 0 opera- — a 


tions. There are instances on the results of 
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BP of the theory of geodetic, as compared with plain spirit leveling, could x 
the author’ 's preference for the latter. In geodetic | leveling 
> nothing is left to chance; curvature, refraction, inclination of level, 
inequality of collars, error of collimation, etc., are all taken into ac- ei 
- count and corrections applied according to the distance between the ~ 
~ Jevel and rod. ic ‘Further, should it be considered desirable to take the 
— extra precaution n and incur the » extra expense of equalizing the lengths 
of the fore and back sights, by measuring them, as recommended by fe. 
the author for plain spirit leveling operations, all the usual errors a 
would be practically eliminated in geodetic, the same as inplain spirit 
leveling. PS By adopting the former method, it it would, moreover, = 
quite immaterial whether the instrument was | perfectly in adjustment 
 orecompletely out of adjustment, which would not be the case with 
It stands to reason that the most potent factor in geodetic leveling . + 
the distance from the rod to the level, is of no im- 


5 = portance i in plain spirit lev eling, when the fore and back sights are es 


. neither i is it in n geodetic leveling under like conditions; but that such Se 
an equalization i 1 is a always easily, viz., expeditiously an and economically, | wt 
2 attainable, when operating with an ordinary spirit level, is not so evi- _ 
723 dent. For, if the level is not provided with stadia wires, the only way _ 
ee a to secure sights of nearly equal length is the old-fashioned and tedious a 
process of measuring the distances directly, and this has many draw <i 
backs when passing over rough ground. 
‘The writer fails to see a minute error in distance between the 
Pe c focal center of the instrument and the face of the rod can affect the ee 
a results of geodetic leveling to a greater ees than it would affect 
‘The writer agrees with the ‘author in his. statement, that in geodetic 
Bar leveling, as usually performed, the results are encumbered by com- ars 
wey - plicated and bulky computations. In the near future the writer hopes 
i a: to be in a position to carry on geodetic leveling operations in a man- 
: ‘ner that will permit hi him to dispense with some, if not most, of the 4 
oe computations, which, under existing conditions, are unay oidable; and a 
also that he will be able to do this with one-half the manipulations of | 
level tube. This he proposes to accomplish by using, in of 


4 


a slightly different manner a the ordinary instrument, , viz., 


4 Iti is not quite clear to the writer as to how ; a careful consideration ee oe 
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 ft., cam be measured automatically, without any computation ell eae — 


connesro RIT LEVELING by 
"Mr. Steckel. required, viz., within ft. per 100 ft.; and by inverting the 
poe and wire diaphragm, the level, whichisa double- faced one, is reversed — 


at the same time. Besides, by four rod which = i 
owen means s of ‘checking i in the office at any time both the height 
: the distance, should it be found necessary to do s so. These four rod — ae 
readings are not obtained by noting the intersections of an equal 
- number of horizontal wires stretched on a diaphragm, as the unequal — te 
lighting of the rod might in the long run lead to erroneous results; =e 
with a a single horizontal wire which can be raised or lowered by a 
micrometer screw, automatically as it were, so as to determine on the a 14 
rod the series ofintervals mentioned. 
The writer has had such a Sanguet tacheometer constructed by oe 
 Cabasson, of Paris, and is now making 13-ft. self-reading target rods, 
_ divided into feet, tenths and hundredths, for use in connection there- Re ~ 
_ with. The principal difference between the new rods and other tach- = 
os _ eometer and leveling rods is in the scale. The new rods have a double 3 ren 
_ seale, or two scales, laid out along the same vertical and in one plane; oe oe 


besides which they can also be used with one or several sliding g vanes, = 


a of the scales is intended for short sights, up to about 100 ft., ie 
_ where a regular sliding target can be dispensed with, and the other ee 
for all longer sights. Sliding targets are intended to be used only for Be er 2 
very long distances where the ) direct reading of the rod by the ob- 
_ The indiscriminate use of the same target line or stripe for very 
 dieat as well as for comparatively long sights does not appear to the es 
2 writer to permit of the observer making uniformly accurate -pointings ie * 
¥;9 a throughout, or of the eye estimating with a , uniform degree of precis- 
yb ion the space that intervenes between the apparent intersection of the 
‘ horizontal \ wire with the rod and the nearest division line of the rod 
In all self- reading rods at present in use, so far as is 
it is taken for "granted that spaces of, say, 1 cm., 
pe ars other standard width, can be subdivided by the eye into a small 
aa - number of aliquot parts with the same relative degree of accuracy, — 
: at a distance of 5 m., as at 100 m. or more. In all cases, thou- 
sandths of a meter or of a foot ai are read off and recorded, whether the 


 rodi is close to the instrument or or far awa ay from it, yet it must be ad- &e. “a 


mitted that, as a rule, a centimeter space cannot be bisected tri- 


_ sected by the eye with the same degree of accuracy, when itis seenat = 


_ a distance of only 5 or 6 m. as ) when it is viewed from a distance of 100 — 
Pe In this new tacheometer rod the lines indicating the smallest divis- 


ions are to be put on so as to he practically undiscernible at a dis- 
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of 100 ft., only the larger divisions being to re- Mr. Steckel 
ras main plainly visible at a greater distance. By this means the difficulty | eae 
ay ei making uniformly correct estimates of the parts into o which a a unit 
2 space appears to be subdivided by the cross wire is in a great 1 measure 
aS The writer believes that in many, if not in most, cases, the com- a 
e.: puted mean errors by which two or more lines of geodesic levels, al 
now! run, are assumed to be affected, repr esent rather the mean -differ- 
seed ences between errors, the precise nature of which has not yet been de- 
termined. This opinion is shared by some French engineers who dis-— 
My  eovered unmistakable signs of inaccuracy in some parts of the first 
oh. UNE ivellement Général de France,” which was made under the direction 
ov of Bourdaloue, and w hich w was at one time considered to be all that 
“a could be desired, but is now found to be deficient, notw ithstanding — 
Py ee that all the calculated mean errors fell well within the fixed limit for — 
precise leveling. A new Nivellement Général” has been undertaken 
> ; in that count country with a view of ae if possible, more reliable and 
Notwithstanding the very "satisfactory ‘results’ obtained the 
method of plain spirit lev eling adopted by the author, in the absence pe 
ae more conclusive ev idence, and under all the circumstances the 
a ow riter is not } yet prepared to admit that this: method is superior to that 
 Tsaac Wisston, Esq. ~The United States Geological Survey has M 
gee deen charged by law with the duty of establishing numerous bench- ae 
marks throughout the country, of determining ‘their elevation and of 
marking them in ‘such a manner as will make them most useful to the 
Br "public. _ They have adopted the plan indicated in the paper, and lines 
i _ Of levels are being rapidly extended over the country in accordance re 
therewith. If the single lines of wye ) lev vels in closed circuits are 
; ‘Teally as accurate as the closur 
serve all the purpos ‘poses for which ‘the bench- are e established. 
i is to be hoped that the use of these bench-marks by the civil engi- 
im. neers of the country will demonstrate the accuracy with which the ele- 
vations are determined, and the wisdom of f the officers in charge of the 
in selecting and executing their plan. The entire. responsibility 
for the result of this undertaking rests upon the United States Geo- 25 
logical Survey, and the writer is unwilling to enter into any voluntary 
discussion of their plan or its probable result. Such informa- 
tion as he has acquired on this subject as an officer of the Gov ernment = — 
: engaged i in extending the standard levels of the United States Coast 
and Geodetic Survey he has freely placed at their disposal, whenever 
requested to do so, to accept or reject as they thought proper, = 
aes _ In the paper there are ‘many references to the leveling work of the = 
Coast and Geodetic ey in regard t and 
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‘CORRESPONDENCE ON SPIRIT LEVELI ING. 


sires to state that all opinions expressed are personal. On page 845 da. 


author states that the limi limit of allowable error between two levelings of a 


a line as established by th by the Coast Survey is 0.3 ft. y ae distance in miles. ae 7 


The limit of 5 mm. /2 72K was used by the Coast Surve ey many years ago, ok 


this it be that this limit. of 


able discrepancy is only Coast Survey as applied to 


made to eliminate accumulation of discrepancy or divergence 

= lines over longer distances by repeating the work. On page 4 

_ 348 the author claims an accuracy for his wye levels which is inad- — 


-missible. The civil engineers of the country will require a stronger 


- Proof of of accuracy in single | lines of wye levels, run by a a leveler and 
~ rodman i in n circuits, than small closing errors, before they ‘subscribe 


to his statement that: ‘‘In the majority of cases it is as good as the 
- best precise or geodenic leveling; in not a few it surpasses this in 


It would betruly remar rkable if if the the Geological Survey could execute eet 
during the first season’s W ork, under their plan, with numerous ‘2 
eo! — levelers, approximately 2 000 miles of such levels as would justify th 
statement (‘Table No. 2); and in the writer’ judgment such a 
In the face of this sweeping as to ) the 
_ accuracy of his wye- lev el work, the author has established andi is@X- 
ecuting a very different system, which he calls ‘Spirit Levels of 
Precision” (page 352). The publication of the s ‘*thorough 
examination and test of the v: various methods employed throughout the 


world in levels of precision ” would be a a valuable addition to 


Witernture on this subject; 


elevation of the Const Survey bench- mark ‘‘Gristmill” at 
Greenbush, _N. was determined by a line of wye levels 


Hudson River. Some mistakes in the line were discovered, and a 
_ discussion of the tidal planes shows this line of 1857 to be practically BS oF 


worthless. The importance of this ‘Gristmill ” ” bench- mark 


‘2 elevation of this bench-mark, and it it ny indicates that the ag Toke 


tion is more om 


2 <a _ Mr. Winston. sults, and the writer will attempt to confine his notes to the stat he. as 4 
a 
1 
— 
| 
by 0.02 ft. .7 distance in miles. The author was evidently misled by 
a A | 
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CORRESPONDENCE ON 


Mr. Van Orden’ 8 line from New York | to Atheay was run ical the Mr. Winston. 
same level and rods, and by precisely the same method which he —_ 
in leveling between Boston and Albany, and consequently the ‘‘spirit — 
level elevation brought by him from Boston is not the mean of 
geodesic determinations.” ‘The writer has been informed that Mr. 
Van Orden never used the Coast Survey level of precision in obtain- 
- ing standard elevations while attached to the Survey. The observa- 
ee made in n executing the elaborate series of experiments in level- 
‘ing, undert uperintendent Mendenhall, at Washington, 
have only been partially | discussed and reduced, most of the work ay 
having been done by the writer, and in his judgment the results are Zz peers 
decidedly i in favor of the Coast Survey level of precision. The ex- _ 
were not undertaken, as stated, in Consequence of any 
- yesults obtained by Mr. Van Orden, but were finished before his line 
from Boston to Albany was begun, 
_ Some experiments were made over the test ‘enol at Washington fie. 
after he had | finished the line ahove mentioned, in order to compare the “neg x 
tigen ma instrument and rods with those in use by the Survey, and the judg-§ 
ment given above is based on this comparison. Asa further test of 
the Massachusetts State Survey level and rods, the writer was in-— : 
"structed | to relevel the line between St. Augustine and Cedar Keys, 
‘The instrument and rods used by Mr. Van Orden were 
employed, his closely y under instructions, 
<< except in the detail of computing the height of instrument at each _ 
3 _ station before moving forward, and the result weet that the two lines (a io 
ye simultaneous double line in one direction was run, , like the line Boston " es 
— to. Albany, ete.) ‘constantly diverged from the beginning, s, and the final 
¥ eae result differed by 10 ins. from the result obtained by three previous 
a lines with the Coast Survey level of precision. 2 Instead of the it 


above, has indicated his last judgment on this subject by duplicating 
a ie the Coast Survey level of precision, as far as prineiple o of construc- 
tion i is concerned, in the pr precise level made for him for use in his in- 
stitution. The writer has been unfortunate in not seeing this lev mn 
3 = the above statement is based on the description of the instrument — 
_ given to him by Professor Mendenhall. The writer desires to state, — 


addition to to this, that the d method and 


his experience in the exper and trials 


The method of observi ing used i in n the Coast Survey work, as 
page is as follo 
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le to: the center, that is, sothat both ends read the same on fhe mine = 
Ta and the micrometer read; bisect the target (narrow white band with ob- a a 
_ serving wire) and read micrometer; reverse level (end for end), bisect 4 
aa target and.read micrometer; bring bubble to center and read micro- ae 
“meter; invert telescope, turning it 180° in the wyes, bring bubble 


center and read micrometer; bisect , target and read micrometer; re- 


verse level, bisect target, and read micrometer; bring bubble to center 
and read micrometer. ‘ Taking the mean of four level readings (or . 


eo _ settings) as above, and four pointings on the target, the difference of a 


a means measures the small vertical i ah between the > target and 


precautions, the foresight is made equal to the and the a 
P _ instrument is always — from the effect of sun and ‘wind. ef 

frozen ground. W er work is done while the ground i is | 
and thawing, the frozen crust is always removed from a space large - = 

; enough to plant each tripod leg and the foot-plates for the rods. The = ee 
‘rod i is read and recorded by the rodman, and an independent reading 
is made and recorded by the 2 recorder; the two o readings : are afterward 
~ compared, and the observer only reads the rod when there is a differ- — 
_ ence which they cannot reconcile. Only two or three divisions of the — 
micrometer are used in these measurements, and errors of micrometer- _ 
ar run di do not enter into the work. ‘Finally, as the only angle measured 
nies ie rarely more than 6 seconds . of arc, and the sights are limited to. f 
m., the ‘“‘minutest error in distance between the focal center 
~ ‘a the instrument and the face of the rod” does not affect the work, as a 
it becomes a “factor” too small to consider. ‘The most sensitive level 

_- Vial ever used in Coast Survey work is one ‘division of the level = 
oan. - mm. = 2.1 seconds of are. _ The rods are about 10 ft. long, not 12 ft. 
long, as stated. They are read by using a scale, and not a vernier. & 
"The rods were thoroughly paraffined, which is somewhat objectionable, — 
a but they are at present il in good condition after being used five seasons se ; 
in in the field. e ‘The devi ice for reading the rods without par rallax, and for ; 
clamping the target without moving the rod, were both suggested by Bas 
a Mr. E. G. Fischer, chief mechanician of the Coast and GeodeticSurvey, _ 
and both are admirable. One of them has been adopted in construct- 
the Geological Survey r rods. The target clamp works perfectly, 

2 and results in saving a great deal of time. Only a careless rodman ae : 

ow ill allow grit or dirt to collect in the foot-plate he is using, anda ~— 
careless rodman should alway 8 be eliminated from the the work by being 

The writer doce: not remember i in all the results a more 
marked divergence of two Maes than that given in Table No. 10. ‘This q 
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occurs in the meridional route 
Mo., which the comparison on page 376 shows to bea bad line. Other | on = 
comparisons indicate the same thing, and | it is the writer’ s opinion bs 
- that portions of this line must be relev eled or the | Ww hole of it left out ‘i 
of the final adjustment of the standard elevations. = oy 
The comparison of the cost of the work of different bureaus cannot 
e taken as representativ e. The cost of the Coast Survey work men- 
tioned does not include the salary of the leveler, which would in- 
grease the cost as computed. “The cost of a ley eling party while in 
the field should alone considered in computing the necessary cont 


ay some sent out by the the item of 
__ transportation to and from the field has been in the past very heavy. 
In the report of the International Geodetic Association, which met at 
‘Geneva i in September, 1893, will be found illustrations of the scape 
- instruments and rods used by the different countries of Europe, oe 
nearly all have a special form for their instruments, which indicates 
i oe all nations are striving to solve the very difficult problem « of - 
: determination of elevations distant from the sea coast. It is = 
~ notable that the most extensive system ever undertaken by any natio 


isin progress: in France, and that their lev eling instrument i is, in prin- 


- ¢iple of construction, a practical duplicate of the Coast and Geodetic 
Survey of precision which was adopted than tw 


Ib conclusion, the ( Survey recognized the necessity of an 


since that time. No pains have been spared to establish 
tions which will! be for any and all purposes for all time to 
come. The annual appropriations for the extension of the work hay Ry: 
been small, and comparatively little progress has been made, but the 
writer believes that the excellence of the work will continue to be pe 
and its extension demanded more | and more as 


Horace M. MARSHALL, M. Am. Soc. 


where than on the United States Coast and Geodetic ‘He 
Classes the levels by the Mississippi or Missouri. River Commissions 

in the same category with those by the Coast Surv ey ey and terms them ae 

#3 geodesic, when in fact they differ from one another as much as the ae 

sD Geological Survey levels differ from either. Perhaps the ‘classifi 

tion was made by some such syllogism the following: : 

‘Triangulation, i angle measure, is "geodesic. Coast: Survey 
levels m measure by angles. Coast vey are 
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Then by taking the conclusion for the premise: United Btates 
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But unless the Geological Survey le levels are geodesic, they have no 


To give specific objections to the x methods s proposed by the 
+m First, no system of levels run in the same direction can ever be relied — i 
am to give the correct elevation. A method of eliminating error due oe 
toin instrument settlement will be referred to further on. The only” 
way to cancel the errors caused by the settlement of turning points i is ee 
to run the line in opposite directions, and while this is accomplished y a 
by using Mr. Hall’s double graduated precise level rod in the manner Rr d 
illustrated by Fig. 11, it is done at the risk of blunders should the rod He e 
exposures get mixed. It must be remembered that in shade red can- 
- not be distinguished from black, and the difference in the shape of the — 
‘ _— target i is the only guide. However, this is not the least of it: if the | 
‘ _ error in refraction be due to a difference in the condition of the atmos-— 


phere | before and behind the instrument, then the second ‘objection, 


which has to do with atmospheric errors, comes in. 
No programme will eliminate errors of refraction except that ae 
= _ making the back and foresights equal, and even then they will not be — 
eliminated i in the case just stated, though the error will not showin 
the difference of ele wation obtained by the simultaneous lines. The sae 
_ only way to find out if that unfavorable condition of the air obtains is 
Pad to re-run the line at another time when the conditions are different. 
_ The only use for the “limit of omen,” ’ as it is called, is as a criterion 
of the condition of the atmosphere. if levels are to be run all day, 
except, of course, when the air boils, then a limit of error is of no 
Saas value. The programme should be relied on to control every ‘other | 
ad 9 element ; the method of reading the rod to detect errors, equal back 
= and fore sights to cancel regular refraction, curvature, personal and in- é: 
strumental errors 3 the b backsight re-read after each foresight, and ee 
the mean used to give a reading simultaneous with the latter, oe 
— the error from changing refraction and instrumental settle- — 
ment; the line run in opposite directions to cancel settlement of — 
turning points and all residual errors ; and the whole entirely under 


the control of the best, most trained, and most 


4 can n only be determined by actual observation, but there is scarcely a 
“a doubt that the three-hair ‘reading i is a better independent c check than 
trying to agree on a target reading with a jolly or a sulky rodman; in 
one case he will agree to anything and i lin the. aaa ™ will not, and one — 
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as bad as the other. In fact, in the three-hair lies the Mr. Marshall. 
Pend strength of the method of observing, to get independent checks, as 1s 
Although not “referred to in the programme above outlined, 
aa proper here to 0 mention the form | of support for the rods. and ‘the 
bi characteristics of the instruments which it is best to use. The ae 
a -foot-plate, when carefully placed on the ground, all loose material — 
_ being sera ped a1 awa, and the plate hammered down, ou int te to ve less 


in sandy or soft soil the pin may give the better ‘support. 
as Pins have sometimes been used on the lines of the United States — 


oe kept at the center while the r rod i is rman the more sensitive it is, 
the more certainty there is that the reading is taken while the instru- 
ment is level. It is certainly unique to assert that the line of collima- 
tion is level when the bubble is fi first brought to the center, but is. 
ag? thrown out by bringing it back when it runs off by: reason of changes in 
a the instrument and its supports. It is true that the strength of the Bs * 
pa work may be sacrificed at other points by too great sensitiveness, also ie: 
z While there is nothing gained by making one link stronger than the eis 
: chain, still much may be lost by having one link weaker. 4 It remains er 


not at all difficult to keep a 3-second bubble centered while —_ 
ing the three hairs on a rod. A day’s practice will enable almost 
co. one to see both rod and bubble so n nearly at the same time that the ee 
image on the retina will appear as one natural combination. Thebest _ 

(Ge ow must be accurate and quick, ond it is true that some men a 


go back to the programme: By equal back and fore sights 1 
ee - fraction i is eliminated if it is the same forward and back o of the instru-— 
‘ aay and if it is not the same, no correction is going to better the mat- 
_ ter; curvature is canceled; personal error is, also, provided it is con- 
stant; and, if it is intermittent, the run in opposite direction, alone, can : 
ou ure the error, unless there were a great number of observers, other- Oa 
_ wise the chances are equal that the error will be increased or dim- Broz: = 
nished by averaging; instrumental errors are canceled, provided the Ey 
| line of collimation bears the same relation to the plane of the bubble b 
at the time of corresponding front and back reading. By repeating the — 
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CORRESPONDENCE ON SPIRIT 


r. Marshall. eliminated, and the error due to change in refraction is cancelled ir 
whole or in part, according as the change is uniform or irregular, 
In running up hill, the backsights are in excess s of the foresights, ite 
and: any settlement of the turning point between instrument set- “ups a 
adds to that excess; also any settlement of the instrument increases — 
_ that excess by subtracting from the foresights; hence the differencein — 3 
is elev ation, as determined, is too large. In running down hill, the fore- _ 
= oat sights are in excess of the backsights, and any settlement of the turn- _ 
ing point between set- ups diminishes that excess by adding to the 
ees.) _ backsights; also, any settlement of the instrument diminishes that ex- 
by subtracting from the -foresights; hence the difference in. 
tion s as determined is too small. . It follows, 8, that w hen a line is run in 
up-hill direction continuously,’ the resulting elevations are too great; = 
also, when run in a down-hill direction the resulting elevations are too 
great, initial elevation was at the beginning of the line; further, 
that lines run in opposite directions will g give 
bd “= sum of the settlements, provided it pro- 
\ _ gresses all up hill, or all down hill, and the as 
of settlement is cancelled out of 
mean elevations, in whole or in 1 part, accord- 2 
ing as the settlement was regular or irregular 
over the homologous parts. From thisarises 
_ the fact, that when a line progresses up hill 
4 ther runs in opposite directions diverge, and — 
fi the line changes and progresses down 
hill the runs converge, or what is the same 


"The programme of precise level work under Major J. H. Willard, 
United States Engineer in charge of the tributaries of the Lower Mis- ae 
_ ‘sissippi, is the same as that lately practiced on the Mississippi River at a 
‘surveys, except as to the double backsight, which was originated and © i 
first used by Assistant Engineer T. C. Thomas. This feature is now 
a held to be equally important with, if not more important | than, that of 
_ reading the rod with the bubble centered, introduced by J. B. John- Se 
‘son, M. Am. Soc. ©. E., and that of an observer duplicating his own Re 
_ line in opposite directions, first suggested by L. L. Wheeler, M. Am. 
Soe. C. E. if the instrument shall have been placed on the one 3 3 


is normal, because the earth is softer 
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of eliminati g that error by the Mr. 
doable backsight becomes manifest. So too in regard to refraction, 
the change going on the air is bus 
and nothing, or slow, during the other. 
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LINES OF PRECISE LeveL. 
under direction of 
MAJOR J. H. WILLARD, 
charge 
8. 


+0. 


a the bank; ‘the 3. 7 mm. , being the 
of the two sets, each — of forty-eight rod readings across the oa 


| 
4q 
—— 
— 
uplicated week later on the line cd, gave the clevation of 


Mr. “Marshall was leveled across a bend of the r river, and: then a double line was run 

around the bend, after the regular method. The diagram, Fig. 14, ,shows 
the situation, and Table N No. 12 the observations and results. On the 


long sights, of: course, target rods are u used. Simultaneous readings are 


necessary to cancel refraction, and duplication of work by the same ob- ze 
afl server from opposite sides to eliminate personal and instrumental error, 
= is the custom, instrumental ¢ errors are accurately determined 


cies of case not permit the programme for running 


“man, , one re recorder, two laborers to carry rods and one to hold the um-— 
brella; the w wages are $295 per month. “They quarter | on the country 
a a¥, at about $75, and are transported by rail or vehicle at about $50 per a 

a month, making the total cost $320. - About 65 to 80 kilometers advance 
_* line, run both ways, is the average amend which makes the coet 

me The extent of the work done and the alia which have neu 
tained are shown on the sketch map (Fi ig. 15). Arrows indicate the Se 
direction in which the levels progressed. The numerators of thefrac- 
i tions are differences of elevations expressed in meters and decimals; - 
the denominators are distances between n contiguous: points expressed in aa 
kilometers. _ When lines are not ‘‘ closed,” differences of elevation by | 
runs both ways are shown. — Table No. 13 gives comparisons at points 
i, ar to lines run by the United States s Engineer office and by the cat 
United States Coast Survey. 

a a ‘There are some inconsistencies in the paper, 1 which need to be re- a 
_ coneiled. In the instrument used on the Massachusetts survey it is re “4 
stated that the telescope is hung practically as in a transit or theodolite : 
so as to be “‘ free from any change (increase or decrease) in the height of — 2 


_ the line of collimation, as must occur in otherinstruments.” Yet, fur- 

ther along, in conjunction with the remarkable statement t that ** it has 

“of - generally been assumed in the past that no such settlement took or 
_ place,” it is stated that “‘the instrument (line of collimation) can 

‘rarely if ever rise. 

in to d levels, ‘iti is. 8 said they a are “not such a 


leveling.” If the Geological Survey precise levels average in cost $4.39 = 
mile, the primary levels $5.13}, why run the latter at all? 
P. In the report of the United States. Deep Waterways Commission at mat 
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esT SIGHTS ACROSS WATER. 
‘Set I. bruary 26th, 1897. 


of 


a 


peg 2, 30m. 


F. 8. 
B.S. on 


Mean difference of elevation, + 0.3697. 


‘Set I1L—March 1st,1897, 


«SIMULTANEOUS READINGS. SmmuTangous Reapres. 


B. 8. on : 
peg 1, 30m.) 


5. 


a 


= 
inn 


2 | 


121670 | 118004 0.9810 | 1.2888 | 1-2317 | 1. 
— 1. 0.8434 | 1.3964 09989 | 1.6871 
1684 | 08600 174088 0.9208 | 1.2817 | 1.6788 
1.1672 | 0.8808 | 1.8066 | | | 
 Mean.,..1.1673 | 0.8518 | 1. 
=| |] 
7 | 1.5804 || 0.7986 0.4884 1.0888 
— 
ete _ Mean difference of elevation, —0.3679. — 
— 


COR RRESPONDENCE ON SPIRIT LEVELING. a 
Loor CLOSURE OVER ‘La AND WATER, 


ward. | Back, BB... 


‘oe: The superintendent gives the elevation of the bench-mark on 2 


the Gristmill as 13.645 ft., with the following note: ‘The difference a4 
between the above (13.645) and any former results is probably due to 

the more perfect determination of tidal level than to = other is 
This gives a result by 425 ft. from the value by the Mas- 


on m “the 1 more perfect tidal level at Boston, and 
this is the only comparison between precise levels as yet run to : 
ie the Gristmill bench. For the levels of 1877 were run over only a por ca 


tion of the line of 1857-58, which was run with a wye level, and the 


a value, 14. 730, or more exactly 14.728, is only 1 made in part bet better than ee 


we By using the value 13.645 the report above referred to shows, on 4 
page 80, that the kale Survey line, run by the United States Engineers — : 


ay 0. 05 ft. at and 0. 19 ft. at Duluth. 


from Biloxi to Miss., ,and the elevation at Gree 
to the Mississippi River Commission. The Coast Survey eleva- 
4 tion was referred to mean Gulf level at Biloxi, as deduced by them- | aig 
<5 _ selves from the tide-gauge record kept by the Mississippi River Com- 

mission. The difference between this mean Gulf level Cairo 
datum, to which the Mississippi River Commission levels were re- 
4 ferred, was 6.3613 m. at Greenville, and that difference was used to a 


convert all elevations between Greenville and Carrollton. The Missis- ‘ 


_ sippi River Commission Tan @ line of precise levels from Carrollton to. 

bench-mark F at Biloxi, ‘and raised the Coast Surv ey elevation 

ae 49 mm. or 0.16 ft.; then by using only part of their own tide-gau a 
observations, the mean Gulf level was raised 0.24 ft. above the Coast — ae 

et to be e reconciled. 
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“TABLE No. 13. —ComPantson OF ELEVATIONS AT TO Mr. MarshalL 
U. 8. Coast anp Gzoperic Survey anp U. S. ENGINEER 


“he 


4.5133) 719: | +4. + 5.8 | 'Via Trinity, 
! @eis Rayvi le, La 
+ 21.6 
—125.5 | *Via Delta, La. 
— 23.4 | * “ Monroe, La. 
— 19.8 | *Greenville 
on City, by M. R. C. 


— 15.8 


: | ped 


M. Am. Soc. ©. E. —It seems unfortunate that Mr. 
the Geological Survey has decided to mark its bench-marks perma- 
_nently with heights that are known to be uncertain. Perhaps some — oe 
- means could be devised to mark the bolts and wall plates ina prelim- _ 

inary manner so that eventually correct height marks could replace — 

those first given. The 5 writer believes that in the leveling of France 
the wall marks were so arranged that numbers could afterward 


G. 
us 


4 


elevation. | 


Difference of 
©. 


Difference of 
elevation. 
min 
8. E 


_ ‘The appearance of solidity in ina 1 a building is 1 is no criterion of its  suitabil- 
ity to receive a bench- mark. _ The nature of its foundations should be 


may find occasion to do this. ‘ The methods given by the author — 
_ those in everyday use by engineers, but the Survey has not yet proved e 
them to be the best or the most economical. wt Probably a greater num- 7 
S ber of miles of precise levels have been run in Germany and France ee. — 
an in the rest of the civilized world, and it is not evident why the 7 
federal surveys have cut loose from the methods of these countries, ~ 
3 :: particularly as to abandoning the use of a ro rod that can be ) read by the 
leveler without dependence on the rodman. — Although the use of the - 
“speaking rod” will necessitate shorter sights, yet if the law of prop-— a : 
agation of error in lines of bench leveling is such that error increases, _ 


_ ‘Rot only as the square root of the length of line run, but also as the 
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foundations, the less changeable would be the bench-mark. 
Geological Survey has an admirable opportunity to try experi. 
Ag 
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= 


a distinct aivantage. There are other advantages to be deriv ed from « 
- the use of rods that can be read without targets. “ Probably the =4 
of two rodmen, who will be amply qualified to use speaking rods, will aS 
—§ much exceed that of one rodman qualified to use a target rod. a 
The writer cannot agree with the author that it is wise to wang sr = 
the responsibility of rod reading, but thinks the responsibility should — E 
rest with the man at the level. Certainly with rodmen amply qualified a 
to use § speaking rod and who can be picked upe ‘everywhere | ‘the 
_leveler would not be so dependent upon “congenial relations ” with 
_ the rodmen, for he could very easily obtain men to replace those who ag ‘ 


_ were obstructing the proper progress of the work. a) 


: «Iti is worthy of remark that the Coast and Geodetic Survey at first — a ; 
used a rod with a metal scale instead of the: wooden rod used x : 
clusively for precise leveling throughout all other countries where & 
levels of precision have been taken, but has recently adopted the © ae g 
latter. Perhaps the use of very complicated methods and target rods er: x 
as will also be abandoned in future in favor of the ‘simpler practices: cr 3 


attendant on on the use of speaking r rods and shorter maximum sights. 
4 


ran, ' As regards the ordinary wye level in daily use by engineers, the 


ES 


writer has always found it to possess some defects which could be 5's 
_ easily remedied. The tripod is so deficient in torsional rigidity nn 
ina heavy wind it is almost impossible to do good work. _ The Fey 
er shown in Fig. 5 should be a decided improvement, buta still wider 
a a bracing at the head would be better. The inversion of image is ofso 
"A little importance that it seems unwise to increase the length of the ses 
_ telescope, and to diminish its light for the sake of securing an erect : 


image, yet this erection of the image seems to be sought by all 


makers of the ordinary wye level. 
: = A Where the graduation of the bubble is not etched on the glass, — 
ol but is placed on a detached metal scale, as is usual with engineer let : 


great convenience in in adjustment could be obtained by making” 
serew motion. The writer has never seen this improvement added 
Eth a level, but it has been recommended, and he has found it to work aa 
se? to advantage in leveling a theodolite, where the level tube had a’: ; 


second divisions, and its adjustment would have been almost impos- : 
r sible by means of the usual end-screws. An important defect in’ a ie. 
; leveling instrument, especially where the bubble is to be kept in ad- Be 
_ justment at the moment of rod reading, is the omission of a mirror 
a inv which the level tube divisions can be seen by the leveler as he ne ae 
_ stands at the eye piece. - Fig. 5 does not show such a mirror. In the ee ‘sear 
> for the new —— of France, an a has been made 


Mr. Andrews av _ he that 
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; levels with this arrangement have been made in Germany for several Mr. Andre 

The writer has never heard any details as to their use. See 

hae Acircular level for approximately leveling the instrument would 7 
effect a sav ing of time. ay A fine screw for accurately bringing the level sae 
into play, as shown in Fig. 5, would also be desirable, especially © ae 


s hen used in connection with a mirror for reading the bubble. =| 


- The rodman is said to ‘‘ watch the fore and back plumbing level, a 
_ while the level man watches the vertical wire for correct plumbing in © 
om other iter has alw ays found 


SECTION on AB 


eat could plumb in both directions by using two levels, or a 
tes circular level, 1 more re easily than he could watch one level, and keep > 
ee his eye on the leveler at the same time. In running lines of levels , 
fee Where the speaking rod had a circular level for plumbing, the writer 
oe has given directions to the rodman to watch the rod level constantly, - 
“3 and under no . circumstances to look at the leveler until the latter a 
5 indicated by a whistle that he had completed his sight. ae Ae a 
am It would be a matter of interest if the effect of paraffine soaking 
could be tested daily for a while, in the field, by a standard steel 
‘Measure, and inlaid metal on the rod, as is done i in the case | of 


&§ 
| 
3 
bg 
| 
of 
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svels. The character of the rod would thus 
“be shown more then is possible where the tests we 
made i in the office under conditions dissimilar to those in the field. aay 
‘The author’ s practice of keeping the bubble in adjustment and in @ 
_ play at the moment of reading is conducive to rapid work and oe 
io simplicity i in the notes, but this practice is not unusual, even in pre- . 
a cise leveling. Of course, if an attempt is made to take extremely 
long sights, and to use a 1-second or 2- second level, of 


-? at tive s as to render it impossible « or or very d difficult to keep it in redjaina ~ 
noe and in play. The usual level graduation in the German precise — 


levels is four seconds of inclination for a bubble run of 2 mm wut. ie 


pe ‘The expediency of running bench lines on frozen ground is ques- 
tionable. The sinking of both instrument and rod has b been treated 

at length by w writers on the subject, * the effect being to increase the <4 
apparent difference of height of end points in every case. The writer oe 
- has found that by chopping holes in the frozen ground, in a : 
to rest t the tripod, stability could often be obtained. - Some of the 


ng German tripod legs have heavy iron shoes, and these are provided — 


. a with projections so that the legs may be shoved firmly into the ground — x 
by means of the foot This i is an admirable device for securing the 
oy The writer wishes to ask the author to explain the manner of f set- a 
= ting his bench-marks. ‘ Is this done at the time of the leveling, or or . 
advance of it? If done in connection with the field work, the writer ss 
— that it frequently wastes the time of the whole — prt 


of the work also be of interest, if this were 
_ The published results of the former general leveling of France — . 
“jmdiente a cost of about $16 per mile. The recent leveling has cost ts e) 

- much less, the results having been published by Lallemand in 1889 Ber. 

as follows (francs per kilometer being co converted in into United States — = 


ian 


P ablication of results. 
Total cost of precise $10. 

See Zeitschrift far May, 1892, Einsinken 
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ou. XX 


work the writer is ‘ 


=. 


i= 411, twenty-seventh and following lines : For «They do not & 
large uncliminated constant, as does the author ;” substitute — 
4 3 “They run their two lines along at the same time, side by side, a — 
= hus do Not e constants of heaving, settlin 
412, tenth and following lines: For ‘‘The writer has recen q 
ran 128 stretches, amounting to 76 miles of lines; and, beingout- 
of this limit, he is still engaged in checking the lines. 
statements and facts as that tell what kind of 
4 doing.” Substitute The writer has, to date, completed 123 | 
continuous stretches, amounting to 76 miles of completed 
falling inside the above limit 3mm. 2K. Such 
of fact tell what kind of work the writer is doing.” 


An 


- 


. 


= 
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- ‘The cost of precision levels in Germany, in connection with im- Mr. Andrew 

, provements on the River Saale, a distance of 63.3 km., leveled doubly | 


~ with a mean error r of 4 + 2.77 mm. per kilometer (+ 0. 012 ft. per mile) a 


Survey i is valuable work in the topography ; 
of the country. Their methods and results, so far as given, are of the 
best ordinary kind; but it is mistake to claim that ‘this 


“The s author’ statements differ, in many particulars, from 


walter has found to be true in leveling. | His work is without doubt 
good, the bench-marks have a good and the Geological 
Survey is a success. The writer believes, however, that a few of a 
main lines of levels: should been done by t true ® precise 


The writer does not wish a champion the United States Coast and — 


By Geodetic Survey methods of so-called geodesic leveling, for, while at 
tempting much, they have not t sifted their methods d down to practical ee 
work. They do not undertake to run their two lines along side by ree 

side, thus securing a large uneliminated constant, as does the author; 
; ba having a good spirit level, they seem to lack the courage to use it, a “e 
as they descend to angular measurements with the aid of a ‘micrometer 


screw, etc., well described and properly condemned in the paper. 


‘This introduces more error they pretend to to 
y 2 
2 The author says that after a careful study of instruments and 
_ methods, it was decided that the work should b be of the highest attain- 
able character of spirit leveling. It would seem from this that ev en 
_ before he had done any leveling, he did not purpose to leave any ground. & : 
precise leveling (properly so-called by the United States ‘Engi- 
_ heer Corps and by French and German engineers) to stand on; for was im 
— not that then and now considered, and justly s 80, the “« highest grade” 
The limit of precision set was 0.5 ft. distance in miles, which 
ss: NOt @ severe limit, especially as ‘‘ constants ” were not eliminated. “The 


ign of precision, in the work done by the Mississippi and Missouri 


* See Report of the U. S. Deep Commission, Washington, 18 p. 71. 


— 
skilled labo isons, followin . It should 
the table surveys by way of astotheselevels.* 
oe refers to levels of an uncertainty seems to exist as to Ferguson. = 
‘out that an uncertain y 
be pointed ou &g 
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distance in =0. 017 ft. Gistancein miles; 
and all lines are run from bench to bench one direction, 
and then from bench to bench in the opposite ‘irection—eliminating 
all ‘constants’ caused by heaving or settling or any cause—they 
a being included in this discrepancy of 3 mm. J distance i ‘in kilometers, 
atin 95% of the stretches, which average 1 100 m. in length, come Bey. 


within, and usually far within this limit, the average error beirgabout __ pee 
_ The writer has recently run 123 stretches, amounting to 76 miles — ee 
i of lines; a and » being outside of this limit, he isstill engaged in checking eo 
the lines. . Such statements and facts as that tell what kind of ae 
4 the writer is doing. A statement, however, which is also true, that he : 
os. = just run 1 000 m. forward and back and agreed to 0.0006 ft., and 4 : 
- that there are a half dozen lines of from 10 to 50 miles in length that Y 
check to zero, , does not cone the sean of the work, for wonder- i 
‘The author shows some b:; 
good in reliability, and usually i it is 


* There is no certainty that there are not unit errors of 0.1, 1.0 ee = a 
a 10. 0i in those results. 8 Such ‘an error would have to be a coincidence, 


cise levels, neither would one doing precise levels consent to use any © z 


The author makes three fundamental mistakes, and in each case h 


__-- He seems to argue that in the best spirit leveling there is some de- 
i. finite relation between the value of the tube divisions and the reading 
on the rod; and in describing the ‘‘ Gurley” level and the 10-second 
bubble, he writes: “8: “This requires greater ¢ care on the part of the in 4 = 

oF strumentman in leveling his instrument, and for the length of wg 2 a 
-* _ adopted gives a degree of accuracy well within the limit of setting ; 
= and reading a target to thousandths of a foot just: as if his wire was 
going to pay any attention to his thousandths on the rod. Not bh. 
object should be to have such a spirit level that the wire will 


a simait level tube instead of a sensitive one. .* writing of the 4-— 
vig second and 8-second bubbles, he says: 
* The 8-second bubble, being more rapidly manipulated, is 


a more surely and calmly.” Again, ‘‘All the indications of the above i: 


oa seem to the author to point out that the more sensitive 1.5- second and oe , as 
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CORRESPONDENCE 0: SPIRIT LEVELING. 
cond bubbles, used by other precise lev elmen, do not Mr. Fergueee. 
real action of the instrument. It is only possible to use them while © oe 
as not sighting through the telescope and while watching the bubble. | 
_ * # * The author is accordingly of the opinion that the results ob- 
is by this method with a more sensitive bubble are not likely to 
¥. be any better, if as good, as those obtained by the less sensitive bubble 


” 
more quickly manipulated.” 
a Raiar This is all a mistake, but, at the same time, h his eas 
to a precise level, is clumsy. In precise levels a good observer prefers e 
ii tube of 1-second or 2-second curvature to a division 2} mm. long = 
My (about 3 in. ee In the precise level | the bubble i is s under fi ‘fine and strict 


level; even n then ‘the accuracy w would be just as great, 
eo but the difficulty is with the instrument and not with any inferiority be 


: Eat * In practice a 1-second or 2- second level under control | settles wit 


any delay, and, further, a little in it does not signify 


beauty of it i is that if there is significant it isa 


q 


“ ‘The least 1 movement of the bubble which is perceptible 


Much better that it ‘should not on the rod. 
P precise levels the slightest noticeable movement of the bubble cannot = 
ae be detected on the rod, and this is the way it ought to | be. It should, 
tag as in all elements of acta be inside and not | even up to the 
The goes back in progress years, and uses a target 
ma“ ‘ups and downs,” which, although well enough in their place, _ 


+ do not belong to precise | nating, and therein he has again | becom “7F 


primary argument against geodesic leveling, as 

j ie _ with spirit leveling, rests on the fact that in the former all the burden 

3 ait of exact observing and recording rests on the shoulders of one indi-— 
_ vidual, the levelman; whereas, in spirit leveling the burden of these 
os operations is distributed, resting not only on the levelman, but on ‘ 


it might a as well be argued that three men using one rifle — - 


observation, withow! ‘moving ‘but his eye. ‘He has his 
= under perfect control, sets it, after pointing his instrument ee 
_ when it is central (and he knows better than anyone could tell him); = 
: he reads instantly, and glances back at that 1-second tube and often 
finds it “steady as a a rock” or only, requiring touching up a little. abe 
‘This i is a perfect, accurate and really beautiful method, which fixes 
responsibility and gives the best results. = 
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many errors, and some bigones. 
et the precise leveling of the United States Engineer Corps a great 
- deal of progress has been made in selecting or making the best turn- 
a ing point or rod support—one | that will very approximately r remain at 
a constant elevation. — The pin described by the author is a very good 
; 0, oe of that used for fifteen years by the United States Engineer 
_ Corps, excepting the top. Allthe advantage claimed for the former ie 
is also, and in the same way, secured in the latter, with the exception 
4 that the rod cannot slip off. The } pins ns used by the United States En-— 
= _ gineer Corps have been changed in size and taper from the first—to 


The science of precise leveling has attained a greater 


bs which he p puzzles « over have all been are 
To give an idea of what can be done in this work, a good precise — 
- levelman weuls run a line between two points 30 miles apart forward 
and back in opposite directions, having no common points but the 

extremities, and, including constants, would confidently expect to 


_-- He would expect to run the lines in the same direction, no 
nating constants, and very check to 5 mm. this ral 


would do it in fourteen. or r less. 
precise leveling three wires are read. ‘The advantage of this is 
First. gives a high degree of precision to the 
Second.—It enables the recorder, without a moment’s work pe 
__ without the observer knowing anything about it, to keep the sum of © ; 
the backsights to the sum of the never differing 


‘Third. —The ee as value of the wire intervals being known, a 
’ error in reading a wire is nearly always detected at once, if not in 
as Reading two wires would help the precision and would enable on a 
to keep the sum of the backsights equal to the sum of the 
would not assist much in detecting erroneous readings. Further 
~more, in precise levels, speaking 1 rod, the observer 
__ * For a description of frome Leveling, the reader is referred to ‘“ Methods and Re 
sults of Precise vels,"’ b W. Ferguson, read before’ the Engineers’ Club of St. 


Louis, February 15th, 1898; “Index of Precise Level Work” in Report of Chief 
Engineers, U.S. A., 1896, p. 1980 
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(Ree 
ist, its large errors being precluded by the 
three wire readings, also because all lines have been duplicated, 
which is quite advisable for « eliminating constants, as well as to ¢ 
- stantly know what grade of work is being done ; 2d, its precision, due 
ee to the best instruments and to conditions favorable to the finest © 
‘The writer does not wish to be understood as underrating the - 
author's work which is good « of its kind, but equality with pre 
levels cannot be claimed for the methods used. 
The precise leveling system, as now used and as developed under © 
the United States Corps of Engineers, is at once unincumbered, 
ame rapid, , accurate, free from errors and | cheap, only five men being ae 
quired to do me work where there is no brush. ‘The cost for a a 


M. Am. Soc. C. E.—The had 1 Mr. Johnson. 
‘experience, first as rodman and then as levelman, on some | 200 00 miles — 7 a 
of duplicated line of precise levels run run under the | auspices | . of the — 
United States Lake Survey and of the Mississippi River Commission. 
eee _ Apart of this work was done with wye levels and target rods, and the © 
oa ‘Sameinder with the instrument and self-reading rods made by J. Kern, 
of Aarau, Switzerland ; these having been first used i in the ‘* levels of Bay 


This i is no great recommendation of the author’s methods, 
aes ‘however, since it would be difficult to devise a more cumbersome, © iy 
apparently exact, but practically inaccurate, method than 
that long employed on the Coast and Geodetic Survey. . This method — 
“i all the marks of having been devised in the seclusion of his 
_ study by a mathematician or astronomer who had never handled a_ 
Sich instrument in the field, and who had no idea as to the rela- 


tive upetianee of the various possible sources of error entering into 


‘followed by this branch of the public service. He also hopes that 
instruments a and methods will soon be abandoned for something 
i, Precision of Results,—The author seems to have made a mistake in ie 
computing the limits of error allowed in other departments. ae > 
. , the Mississippi and Missouri River Surveys the limit for a dupli- | 


a 
cated lineis: 
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Mr. Johnson. eu 3 mm. v2 x distance in kilometers, which i is equal to oe 


31 mm. 1. V Tength of a loop in kilometers, which becomes - Se 
0126 ft. VTength ofloopimmiles. 
The author states this limit at 0. 02 ft. length of loop in miles, 
which i is 60 to too large. Similarly, | he gives the United States Coast 


and Geodetic Survey limit as 0.03 ft. v of loop in miles, 
By comparing these limits of ‘discrepancy be between two lines with nt 
of the work described in the p paper, namely, nue. ata ae 

0,05 ft. length of loop in miles, 
it will be seen that it is just four times | as great as the: Mississippi 
and Missouri River Survey limits, tenths times 


; ia error allowed on the work described was ‘‘somewhat less severe ” i. 
than that prescribed on these other branches of the Government 
service would seem to fail to conv ey the real magnitude of the differ- 
ence. In any kind of accurate measurement, it is the last refinement — 
a costs. To attain to four times the accuracy usually requires 
much more than fourtimestheexpense. 
“_ _ In comparing the very cheap wo work of the G Geological Survey, there- > a 
‘fore, with other work ¥ which ost sev times as much, the relative 
accuracy attained must also be compared. For this purpose the re- 
‘ae given in Table No. 2 are compared with one season’s work on — 

_ the Missouri River Survey Semneeatats 500 miles of duplicated line.* i 


_ The probable error per mile of single line run on ai Missouri. 
— this inst instance there is an accuracy of actual re results five and eee! 
half times as | great: on the Missouri River Surv ey as on the | Geological 23 a 
‘The cost of the 1 000 tailes of single line of Missouri River work 
about | $20 per mile of ‘duplicated line, or per: mile of fsingle 
‘The average cost of the 2.000 miles of line of Geological. 
Survey work is given in the paper as $4.78. ‘That is to say, the Missouri ei ‘ 
_ River Survey work shows five and a half times the accuracy of that of e 
a the Geological Survey for about twice the cost. _ Certainly this is not 4 
bad. showing. for the only rational system of precise leveling which 


has ever been used in this country. 


4 


Engineering Societies, Vol. xii, 
8. A, for 1898, Vol. vi. 
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(1888), 350; and in the Report of the Chief of Eng| 


ay: Tos as obtained from New York City, a distance of, say, 1c ay 
the Coast Survey , differing by 1 1.51 ft. 
Poe Surely this kind of work cannot be called « +s precise. fe 
« ‘ geodesic” (whatever that may mean), and these large 
 ancies may possibly explain why the terms ‘ precise leveling” 


“levels of precision” have never been adopted on the Coast Survey. = 


Again, the | two Coast Survey determinations of t the elevation of the 


‘New York City, Gr Great Lakes, Duluth, and noe 


ust be ‘noted also, that two of the last- -named are 


The Missouri River levels between | St. Louis and’ Kansas 


F Kansas 
doubt as to whish line i is the nearer correct. 


| ‘The Essential Requirements in Accurate Spirit Leveling.— The writer 
i would not favor the technical use of the term ‘*‘ spirit leveling,” i 


all engineering levels are spirit lev els ; neither « does he like the boll 


geodesic leveling,” or ‘‘ geodetic leveling.” ‘‘ Precise leveling” 


F isa good term to use to designate a very accurate te kind of spirit lev- oa 
 eling, a this could be done with almost any kind of an instrument 


and rod. The precision more function of the ok 


In the opinion of the writer the real essentials to accurate leveling — 


quitting o on ecount of atmos- 


a, 


Comparison of Coast Survey and | Engineer Corps Levels. —The paper Mr. Johnson, 3 
some very significant comparisons between the results ob- 
__tained by the Coast Survey and the Engineer Corps methods. Thus 
a 

ty 
little 
ag 
| 
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shortening to 1 


Mr. Johnson. 3 The rod to have a solid bearing pene a babble for holding it 


screw w under the eye- -end wye. 
_ 5. A mirror to reflect an image of the bubble to the eye of the ob 
6A self-reading rod graduated in black and white spaces not larger 


al 7. Three horizontal wires in the reticule; all to be read to tenths —_— 


of the graduated spaces by estimation, — 


. _ 8. The instrument to be shielded from the sun at all times and 3 


_ 9. The backsights and foresights to be kept equal at all times. ae 7 
re 10. Two rodmen for each instrument, so as to shorten the ios be- ae 
wa yeen back and fore sight readings and to increase the speed. __ 
5 7 11. The line to be duplicated by re-running it by thesame weer in the Se 
opposite direction, thus going over the ground twice with single lines. _ 
: “ _ When the above conditions are complied with, and a skilful ob- 
_ server is employed, a ys line can be run in good weather at the rate 


distance being the length of This grade of work 

a ‘expensive, therefore, not on ‘account. of the laborious methods a adopted, =| 
but solely because for so small a ‘part of the time of a field season ‘are 
the atmospheric for we work. With the 


would be greatly reduced. The writer would undertake to do precise om 
- 4 leveling in good weather with the above degree of precision as rapidly 
as coul could be be done by any target-rod method with | twice the limits of eB 
error. wr. Torun a mile an hour, on 330-ft. sights, requires eight settings — 
_ permile. This means that the levelman walks an eighth of a mile, : 
Ss his instrument, reads three wires twice on back and fore satin 
and has the wire it intervals ta taken out and called off, for a check on the : 
readings, every seven and a half: ‘minutes. ith haste, it can readily 


forward rodman has walked one- -fourth mile and set his plate 


7 a or driven the pin, and placed his rod, while the levelman is moving, — 
setting up and reading the backsight. ‘The distances are made equal 4 

by pacing, and constantly checked and adjusted by the recorder ad- 

vising the rodmen each time they pass to go a few paces more or less, oe 

as the continued sum of the wire intervals requires. 
Ina accordance with these essentials, the leveling instruments used 


on the Survey are defective only in in the omission a of the 
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CORRESPONDENCE ON SPIRI 
mirror. To use this, the bubble must be set on top of the laa at ~_— 
G must be carried in the hand between ew It should be cased — 
wood to prevent t the heat of the hand from | affecting its adjust- — 
ments. The Kern precise leveling insttuments are the only ones 
known to the writer which are so constructed. _The cradle device used 
ia the instrument described in the paper (Fig. 5) is a useless refine- 
ment. For instance, the screw under the eye-end iwye being always — 
set at its true reading for « correct -Teversing, when the instrument is 
leveled up, it is only necessary to move the telescope through a an angle 
= a say, 10 seconds at most by means of the screw. The length of . . 
ee: base between the wyes is, say, 10 ins., and the tangent of 10 seconds, | 
; into 5 ins., is” the ‘actual lift or drop of the instrument due to this 
screw movement. is proves. to. be ft. or one-fiftieth of the 
5 smallest reading of the rod. Since the error is compensating, also, the on Reo 


secumulated error from this source would amount to ft. 
ae such a source of error is not even | to be considered, and much less 
provided against, by a very cumbersome, troublesome and unsightly 
attachment to the instrument. _ The cradling of the telescope, = 
which the author describes so fully,isa mere fad. 
The rod used in in this work is needlessly heavy and complicated, and a: 
there i is no reason on why ¢ such pains should have been taken to have it 
_ paraffined at all. The small change of length of a well-painted or 
Varnished cared for, has no effect upon the work worth 


i each other, the change in length affecting only the total difference of 
elevation of terminal benches. A 12-ft. painted rod will not change 
its length from varying moisture conditions by more than one or two 
a thousandths of a a foot during season, this being a change of one in 
Be twelve thousand. As this change would be compensating also, it pe ee 
being sometimes longer and sometimes shorter than the standard j 
length, the effect on the total difference in elevation i is too insignificant 
bs ola notice. Since paraffining weakens the rod, making it soft and 
Be flexible, and also more or less sticky in hot weather, this treatment e 
awe = seem to be not only unnecessary, but a positive detriment. __ 
on The flat spur at the bottom of the rod, resting on aspherical baseat — 
a. the bottom of the socket in the foot-plate or steel pin, was introduced J 
a by the writer i in 1881, an and has been used -in this class, of work ¢ on 1 the a 


and foot-plates on solid and sandy ground. 

_ The writer also introduced the practice of always holding the level 
bubble exactly at the ce center of the bubble tube by means of the screw _ 
under the | eye-end wye. ‘By turning his head so that his eyes are in a 


Vertical line, and looking with both eyes oem, one at the aah 


@ probability is that 2 500 pointings would have to be taken before the es — 
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om oN SPIRIT LEV ELING. 


Mr. the other 1 the mirror, the operator sees the bubble 


= aaa hee a the face of the rod, so that, while reading the position o of the ‘three a 
with one eye, he watches the bubble with the other. 

fingers, being always upon the leveling screw under the wye, ‘soon 
i learn to hold the bubble to a correct position almost unconsciously, © : 


Of course, the eyes can be opened and closed alternately i if f preferred. 
. this way the bubble is kept to its true place while making the 
readings, and without loss of time. ‘This is the secret of doing good 
work.» In the Coast Survey method the instrument is assumed to : 
24 stand absolutely fixed throughout four sets of readings upon a single 
Soe target, t the observer changing his position each time betw reen the two 

as Aa 4 readings 0 of each set. Me Any movement of the ne instrument, after setting 
the bubble in the center and reading the wye micrometer, and the = 
next setting of the cross wire upon the target, with the observer 
— in a different position upon the ground, enters the work as_ an ae 
absolute but unknown: error, W hich cannot be eliminated. This is one 


‘a the fatal defects in that method. rota aa a 


a The writer believes that, so long us these errors remain, no amount ak 


bility, give accurate results. The methods pursed o on this service are 


inaccurate; ana the writer believes the explanation is 
ull ficient to account for some of the poor results obtained under these 
methods. | ‘Their f failure to duplicate the work by running single lines i 
over the same ground in opposite d ‘directions, by the same e observer, 
will probably explain the remainder o the peculiar phenomena of the 
time element is also very The length of time 
Ss =. occupied in reading the rod, and, more especially, the length of time 
‘elapsing after the reading of the backsight until the fovesight is 
Should be made as short as possible. 
a7 _ Any change in the position of the level or in its adjustments be- 
s tween these two readings } introduces a corresponding error which can- 
“ieee not be eliminated. — _ Changes in the atmospheric « conditions | may al also i 
become serious sources of error. The refraction near the ground, a 
tong fas when ground and air are at very different temperatures, may be very i ; 
«great, and changeable. . The quicker these back and fore readings 
can be taken, and the more nearly simultaneous, , the b better for the 2 
accuracy of the work. This is another reason why reading 
eo rods are better than target rods, and why there ehouls always be two é 
Perhaps no no one who ha has not tried it would be willing to admit the Ke 
great accuracy which can be attained by: any skilful observer byt read 
ae ing three wires upon a - reading rod, graduated to centimeters, such ae 
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and the average of the three taken the 


“oe elaborate test of the of dupli- 
cating in directions by the 


Inasmuch as the only 
or r this method of i 


upports | on soft or elastic ground, or the 


luded from ‘om test lines that such 
method of duplication was unnecessary and 


shown by other methede 
Tines run between benches in dire 


and this may be cumulative also omaha 
The writer has nowhere with as 


licate lines ron 
age Canal, and on the Top | 
Canal, and on the Top 
Treason 
= 
and precise method of leveling yet devised. 
carried along together, or, as © 
4 serve for such a comparison, for here 
tain errors enter both lines alike, so that 
‘ae 
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Mr. and and the methods of using these, which were first developed 


on the Mi Ri A 


Pat, If the author would adopt this Swiss method, as iain in eee 


_ United States, he would find that he could attain the same accuracy ¥ with 
ae less cost, or he could do much more accurate work for the same cost. 
The method of reading three w rires on a self-reading rod is is peculiarly 
(ate adapted to 1 the running of a single, unchecked line, oe onthe 

closing of long loops forthe final check, 
three readings on each pointing are better than independ 
target readings, since the former carry in themselves a proof of t their : 

accuracy in the two wire intervals. If these are not quite equal they are ae 
rs 4 so nearly equal that they reveal an error of reading of any of the wires, _ 


No signal is ever meg to the rodman to come up, and no disturbance — oi 


eS: ae ee _ this is a case of too rare an occurrence to be worthy of conden, 
Mr. HERBERT M. Witson, M. Am. Soc. C. E- —In closing, the author 


ee thought expended on the discussion in the m many any able members of the 
engineering profession who are best qualified to give their views on the 
= ne oe ‘subject. As was to have been expected, a diversity of opinion is ex- 


ae pressed, and, while on the surface, these differences appear tobe great, 
and are, in some instances, quite vigorously supported, ‘yet, fact, 


en = analysis will show that, excepting the. case of that class of ee 


bie mar ked general consensus * opinion w hich points to the best methods. se 


> = paper was written at a time when, though the author | believed oak 

had reached some definite conclusions regarding precise leveling, he 
still felt that there was much room for investigation, discussion 

experiment . Accordingly, as the United States Geological Survey has, 

_.. on in all likelihood, much of this class of work to do, as well as ordinary — 

A pe - spirit leveling, the need was felt of such suggestions as might be be ‘Pro 

cured only through a discussion of a paper before this Society. 

Classification of Leveling.—Messrs. Johnson and Ferguson, as 


ae as a few others, have misapprehended the endeavor to define the pa 
various classes of leveling as ‘‘ Geodesic ” or ‘‘ Precise” or “* Spirit,” 

aad this misapprehension i is most marked in the opening paragraph of “ee 3 

Marshall, wherein he assumes that the author intended to class the. 

oa tig work done by the United States Engineers with that of ‘the Coast Sure 

The author would classify spirit leveling as 


at (1) precise leveling; (2) geodesic leveling; (3) primary spirit level- 
ing; (4) secondary spirit | leveling. 


* Reports on this work may be found in a the varic various reports of the i River is 
(included in the rts of the Chief of Engineers, U.S. A.), 
to 1890, and of the Missouri River Commission for 1 
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cuted by the Mr. 
United States Geological Garvey: by far the larger ‘portion of its work 
a - being of the grade called ‘‘ Primary.”” This includes that class of work 
which is merely ordinary high- grade spirit leveling, and is called pri- = 
A “mary, to distinguish it from precise leveling on the one hand, and from 
secondary or flying levels on the other. 
Primary Levels.—The author regrets that the discussion has brought Be, 
forth so little expression of opinion regarding this class of work. Ac- 
- gordingly, he is, perhaps, not incorrect in assuming that the soiettiinlle * 
ie described i in the first part of f the paper, as those practiced by the United — 
< States Geological Survey in placing the legal bench- marks, meets w with — 
the general approval of the members of this eign He notes, how- 


tion of the paper on precise lev veling have tnisinterpreted or 
some of the statements made there rein. Thus, Mr. F erguson ofthe 


bubbles of which are to 4 and 8 seconds of a arc, 
te Bee Mr. Wait has evidently overlooked an important portion of the paper 
Table No. 2 and Figs. 3 and 4 and the explanation, when he 
— that ‘ ‘the author has not stated whether the levels were so run ( (in 
circuits) or not.” Perhaps, in making the statement, he refers to 
_— leveling only. If so, it may be stated that the precise levels are 
run as are other precise levels, as double rodded or as duplicate lines, and 
the fact of the duplication of the same line is accepted always as being 
Py the equivalent of the closed circuit. Itis in fact a cire uit, or what Pro- 


a fessor Johnson calls a loop, only run out and back over the same instead 


of overa different route. It is the most satisfactory mode of checking in 
Tae circuits because it consists of a number of very small circuits checking - 
e each bench-mark, and which 1may be thus considered as aw ‘hole or in n part. ee 
Ben Marks. —In n reply: to Mr. ‘Hering’s 8 question as to ‘the reason 
oe fer using so expensive a metal as bronze, instead of iron, and Mr. rs 


fake _ Andrew’ 8 comment on the same me ie it may be stated that this motel 


Survey has interpreted that law as requiring, not only the marking of © 

_ the elevation by a bench- mark, but also the ) placing upon it of figures 

Bes elevation ; giving its height abov re mean | sea level. This provision is is 

also accompanied by a requirement that such elevations shall be above a ‘ 
dase level or datum, located in each area under survey, and, as explained bese - 
ia the paper, it will become necessary from time to: time to change the 


a relative to oh Act of Congress ene forthis work. The eae 
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— CORRESPONDENCE ON SPIRIT LEVE LING. 
Wilson. to better mean sea level values.* Such changes in the: figures marked 
> os on the bench-marks could not be made on iron. ~ Some softer metal, as 
Oy - bronze, copper or aluminum is necessary. It will also be realized that 
es even if changes w ere not made there wo would be great difficulty a 
sie in . marking ; elevations and datum names on iron. _ It may be added that at 
_ experiment has shown that aluminum isan even more satisfactory metal _ 
q than bronze, as it costs a little less, is, according to present evidence its s 


no more readily affected by the atmosphere than bronze, and not tarnish- 


_ ing as does bronze, the figures and printing remain more legible. — a5. 2 a 

It is a misfortune which is fully appreciated by all connected with 
this work that bench-marks should be permanently marked with heights 
_ known to be uncertain, but it seems to be be unavoidable. No compari- 


_ son with France or with other small European countries can bemade, 
= 


itt 
ait an No difficulty i is experienced in marking elevations to the nearest foot eS 
ns in New York State or in any State abutting the sea coast. When it is 
recalled that, in the United States, areas greater than the whole e extent — 
of Europe are to be cov ered, and that elevations must be: carried thous 
ands of miles from the sea coast, it will be realized that any endeavor to 


_ Mr. Andrews refers, is being rapidly surmounted by the extension of " ; 
_ levels; those of the Coast Survey having reached as far as a 
Denver, Colo. ; those of the Engineer Corps and the Geological Survey 
ramified to such an extent that by far the larger portion of the 
_-bench-marks are now being marked with elevations which are probably 
correct to the nearest foot. For final determination they must be cor- = 
rected in the records and in publications from time to time. 
Bubble Tender and Reflecting Mirror.—Mr. Van Orden makes a plea 
tee the use of the bubble tender. He will note from Mr. Douglas’ dis- — 
that the bubble tender is extensively used on the United 


2 The saiaainats mirror ‘is advocated by those who have had experi- i 
a in United States Engineer ‘methods, as is the bubble tender by a 
: the disciples of the Coast Survey. Neither Messrs. Ferguson, Mar- | 
‘Shall nor Johnson would t use the bubble tender, nor do they se seem able : E * 


‘mirror. persons are | 80 constituted and trained that the bubble 
tender is a valuable aid, while others, having become accustomed to oe 


mirror, find no inconvenience in itsuse. = 
Instruments. —Mr. Steckel, having used Coast Survey methods of 
- leveling inthe Canadian Public Works Department, contends with Mr. 3 


= Winston for the more complicated instruments and methods, andeven 
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* of tachymetric surveying instruments. “What i is needed i in this,asinall 
3 engineering work, is the exercise of caution in the avoidance of compli- 
cated mechanisms. The author believes the simplest methods and 2 
apparatus, which will do the work, to be the 1 best. It was for that reason 2 5 


i that he did that which brings upon him even the criticism of the United — e3 


States Engineers in going beyond them in the direction of simplicity. — 
_ In spite of Mr. Johnson’s criticism of the centrally pivoted 
‘ag of the Buff & Berger instrument, the differences between it and ~ 


Kern level are not great, while the former is undoubtedly of excep- 
tionally good workmanship and material. 
un Level Bubbles.—The author is not yet prepared to advocate the 4 
second or 8-second bubble, but is prepared to condemn the 2-second i 
bubble as supersensitive. Comparative profiles | of work done over 
the same stretch with 4and 8-second bubbles: argue very strongly in 
- favor of the latter, ‘and he hopes to do further experimental work with ae 
a view of determining the best bubble. 
‘Turning Points and Rods.—The author is convinced of the superiority 4 
— the foot rest and turning point used by the Geological Survey and can : 
_ find no defense for the use of the saucer-shaped depression in the head ie oe 
of the Coast Survey turning point, nor an the hole and flat or level con- ee: 


Both speaking and target rods have their. advantages and their dis. 
‘advantages. One of the best points in favor of the speaking rodis 
_ speed. On the other hand its greatest disadvantage is the liability ade! 
errors of even units, as 1 ft. or 0.1 ft., and this mistake has already ; 
been made twice in a line of precise lew els now being run under the NEN 3 
guthor’s direction in 1 the State ¢ of New ‘York, in which the 
be rodded line is run with the target rod and the speaking rod side 3 
side; the target rod in each instance being correctly read and detect- 4 
>. ing the error of the speaking rod. Thanks to information and advice im 


received from ‘Mr. Andrews, the Survey has had several 


+i A and, as just iedinatok: one of these is now being used on precise oz = 
Bi levels in comparison with a target rod. i The results so far, as stated 4 
below, show the high grade ot work pessible with this rod, although — aa 
P they show at the same { time the liability to make unit errors. The 33 
division of this rod is peculiar and is illustrated in Fig. 20. it bis 
planned after a rod in which a meter was divided into fifths, the theory 


being that the eye aided by the cross-hair could easily estimate fifths — 


— 

CORRESPONDENCE ON SPIRIT LEVELING. 

— 

a 

— 

— 

— 

— 

— 

— 

_ Survey experience tends to prove the superiority of the round-headed 

:_ Ol rdened steel peg (Fig. 7) and the small flat-ended foot plate of the a 

+However, in very sandy soil the broad, flat foot-plate has advan- 
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_ CORRESPONDENCE ON SPIRIT ‘LEVELING. i 
it ‘not estimate In order to bring Mr. Wilson. 
a a maaan result, and as a foot is too small a division to 
_ divide in ag manner desired, this rod is divided into units of 2 ft. 
Accordingly, every actual foot is but half of a unit, and so on for 
tenths and hundredths, the result being” that a rod 10 ft. long is 
divided into five units, each unit into five others, ete. . Accordingly, — 
it is easy to read one-fifth of the smallest unit space on the rod oe 
-—- ggtimation with the cross-hair, and the smallest space being .01 of a 
a unit, a fifth of it is .002 of a unit, actually equivalent to .001 of a foot. | 
aa 7, The portion which is hatched with diagonal lines is painted lian 
‘ ci The mode of keeping the notes is unique. Whatever the initial eleva- 


pee. tion may be, say 100 ft., itis put in the column of elevations as being one- 
= half of this, or 50 ft. Then the back and fore sights are recorded, and a 


its elevs that ¢ given in the book i is This com- 
ei plications in note keeping, simplifies the rod reading and permits of _ i 
estimation of differences of heights on a speaking rod to .001 of a foot. 

; Me iv a ‘Fifty miles of duplica ate precise levels have recently been run in New ie 


ENG, York with a target rod anda speaking rod of the above e type. The first 38 = 


2s the computations made as with any other rod, the actual figures read 


=: miles were on a continuous up grade for 1 000 ft., after which the grade __ 


=: ~ was down hill for 12 miles, in which the fall was 200 ft. The extreme di- ‘ ; 


vergence was reached at the summit of f the and amounted to0. ft., 


vantages. he advantage ot ofa superficially paraffined 1 rod i is th that it holds 
Seen hence e, knowing the e error of graduation, this can be confi- ‘ 
Rees dently applied at alltimes. The author is glad that Mr. Sherman has em- 
phasized the necessity of rods and applying corrections. 
Expense and Accuracy. —The author cannot agree with those who 
hoe) advocate the ‘use of the speaking rod because of the reduction in cost. 
oe the 1 use of inexperienced rodmen. The employment of such men » 
a for such work is, like the use of non- paraffined rods, one of the causes | 
e of the great cost of the work done by the Engineer Corps, resulting — 
or the necessity of rerunning so many stretches to get a , check — 
Even where speaking r rods used, he would, in every 
case, advocate the employment of intelligent and skilled rodmen, for 


mach of the accuracy of aes work depends on the rodman, and not only 


3 


bs 
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> 
a= a 
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4 | a Phe author agrees with Mr. Johnson in commending the use of r= a ig 
4 three cross-hairs with a speaking rod, as adopted by the United States 
Engineers, and believes it to be the only safe way in which to use a 
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., on ‘the mode of sents notes, or of setting and reading targets, baba on 
the selection of places for and the setting of turning points; in care 
placing the rod on the turning point with the greatest gentleness; in care 
=. wall in cleaning the foot of the rod and the top of the turning point; in many | 
of the minor trifles which require the employment of rodmen of a heh 
_ grade of skilland reliability. An item which adds to the cost of the 
United States Engineer’s ley els is the employment of a recorder whose 
_ services are made necessary by the use of the three cross-hairs. To these = : 
i‘ other reasons is attributable the high cost of the work of the Engi- 2 
neers, for while they get excellent checks over the short ¢ sections i into “ 
ans whic *h they div ide their work, yet these checks are obtained only after ie : 
oa some of them have been run and rerun four, six and eight times. i : 
Equalization of Sights.—As to the comments of Mr. Steckel and others ae 
=q relative to the equalization of sights, it may be stated that Geological 
_ Survey precise levels have been executed, so far, along lines of railwa ay, 
y and distances have generally been measured by counting rails, noting 
a whether these were of uniform length and checking by the pacing of both 
the rodman and the instrument-man. Ontheverylonglineinthe South 
by Mr. Hall, distances are measured by a tape or’ wire which is dragged — 
along by | a atepemen (9 (page 366), and this in no way tends to reduce the 
speed. W ith the use of three wires and a speaking rod, this min 


Mr. w Wilson. 


of the sights to depe upon the “seeing,” and is confi- 
that 600 ft. is too a for sights in in level 


he is by the others who the paper. 
2 of sight is, “however, reduced below 300 ft. according | to the ‘s 
seeing, and frequently, under very unfavorable atmospheric ‘eondi- 
ee tions, a reduction to 100 ft. or even 50 ft. is necessary. eer big 
= “" Limit of Error.—The Geological Survey limit of precision on pre-— 
cise work is misapprehended by Messrs. Ferguson and Johnson as 


7 being 0.05 ft. / distance in miles. ne In fact (see page 874), , that limit i is 


used only on the primary spirit levels, and the limit used for the pre- a | 
ise lev. els i is the factor 0.03 ft. 2 x distance in miles. au euthor 


- quite agrees that this is too large a limit. and believes that the factor 
oS 0.02 is the largest which should be permitted i in the highest grade s Be 
precise leveling. He is pleased to note what h he has not se seen in the a 
= publications of the Coast Surv ey, that, according to Mr. Winston, that a 
Bureau now accepts this more severe limit. If so, they do not adhere 
ae The limits given by Messrs. Ferguson and Johnson are far more Ee 
ne "severe than those published. * Asto the limits now pe for the Coast ae 


_ * See “Theory and Practice of Surveying,” J. B. Johnson, p. ; United States — 
Coast Survey, ix: Report for 1893 on Proceedings of 
also ** ‘Engineers’ — p. 282. 
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tances adjacent bench- marks. Itisa very much more difficult 

matter to maintain even the larger limit of the Geological Survey over — 
e; such distances as those to which their levels are projected. An inspection 
cae of Table No. 9 will show that the limits of error made by the Geological - oF 
“5 Survey on 50- -mile stretches, at miles 400, 500 and 750, are tunitorimel. = 


ecision n of Circuit Closures.- "es. —The is at Mr. Wi in- 
ston’s statement that ‘‘ Civil engineers of this country will require a fe 
vendo proof of accuracy in single lines of wye levels run in circuits _ 
than small closing errors.” He cannot conceive of any better check, — 
iH and in this is apparently sustained by the others. | ifs Hundreds of such © 
- gireuits were closed by the | Geological Survey in 1896 and 1897, and 
\ more have been closed this year, under all conditions of atmosphere, _ 
= topography and personality, and all are kept within the limit fixed. 
en - Afew have passed this limit, but have been checked as explained by iy 
ai Mr. Douglas. — No bet criterion of the "quality of the work is pos- 
a nay sible, so far as the si can see. — As to why spirit levels of precision an 
; Sie are executed, in view of these facts, and, as asked by Mr. Marshall, _ 
why are primary levels run, in view of their greater cost? it may be 
; ps ‘stated that the primary levels are run in short closed circuits and the - 
a check on their r quality i is sure to come quickly. ‘The pr precise lev els a are .- 
- yun forward for long distances, requiring sev eral seasons in which to 


reach acheck. As a result iti is necessary that they be1 run with greater 


Relative Cost. —So far, t the levels have. actually cost as 


errors are rerunning a circuit, but 
errors would be ruinous in the precise levels. 


precise lev is kept down by the fact that the work is cut 
out for one party for the season. They run over good grades—those = 
f railways—are thus able to make good speed and are enabled to plan “a 
‘Straightforward piece of uninterrupted work. In the case se of the primary © 
evels, however, these are run over all neste of country, roads, trails, no 


erence in cost comes in. Precise levels, under such conditions, woul¢ 
very much over, the are e generally doing inter- 


i and y are, so far Mr. Wilon, 
4 
nstruments and methods. This is to assure certainty of result, 
though such result is generally obtained with a fair degree of ap- 
ae mation by the primary levels. The author does not assume for _ as fi 
yoment that the primary levels are as good as the precise levels. _ 4 
imit of accuracy is not nearly so high, and errors do occur, rarely 
— 
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Mr, Wilson. rupted work, a bit here and there scoonding as it ma may ait needed by the 


rom 


— different bureaus. The-« etlente was made from the best data obtein- 


ae 8 able from official reports. 4 The author endeavored to include the salary 
_ of the levelman and the cost of office work in all cases, for the very good - 
«reason that this becomes a serious item in the Coast Survey, because of 


‘aie —The author is not surprised that Messrs. "eel 
ig Ferguson and Johnson resent apparent classification of the ‘ Levels o! 
Be the Missouri and Mississippi River Commissions in the same category 
= ith those of the Coast Surv ey and terms them ‘Geodesic.’’’ Their mis- 
Sp interpretation of the classification is explained elsewhere it in this discus- eS 
sion. It was believed that discussion by the members of this Society dean 
would justify or condemn the selection by the of 
ae. methods differing so ‘so radically from those of the Coast Surv ey. It will 
be noted all through the paper that the comparisons are drawn largely 


_ of the United § States E Engineers, though the quality of the work is praised 
This was to bring out expressions on the part of the latter as to their on 


views on this subject, and the author believes that these have now been _— 
i set forth in such a manner as to point clearly to definite conclusions. — 


Mr. Marshall's statement as to the desirability of the back 
= a4 sight after each foresight. The author quite agrees with him as to the 
desirability of taking this precaution in doing work of the highest 
grade. Mr. Marshall brings out, also, ,and ¢ clearly, some important 
= 4 points relative to the divergence of lines according as the work pro-— 
a *7- a gresses up or down hill, and with his conclusions the author heartily 
agrees. _ He is not prepared, however, to fully endorse the United 
States Engineers’ method of the ‘observer duplicate his own 
on for some of those given by Mr. Va an Orden, his inclination is to favor 
not attainable as by the United States Coast 
; a and the United States Engineers, over short sections, but, in addition 
2 over jean great distances to which it is — i the Geological Sur 
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cies of the service may require. 
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